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Preface 


This manual has been prepared for customer engineers directly involved with maintaining the 


M228X fixed disk unit. 
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Section 
Section 
Section 
Section 
Section 


Section 
Section 
Section 


Section 10: 


1 
2 
3 
4 
5: 
Section 6: 
7: 
8 
9 
0 


General Description 
Operation 

Installation 

Theory of Operation 
Trouble Shooting Guide 
Maintenance 

Spare Part List 

IC Detail 

Parts and Illustration Catalog 
Schematics 


Fujitsu Ltd. 


WWWNHNNNR > ao’ 
WN] w= 


ND wae a ee wo wo oe od od 
N= 


= 


Table of Contents 


Page 
GENERAL DESCRIPTION ...........0. 00. cc cece cee cecccecceceee. 1-1 
GENERAL DESCRIPTION .... 0.0... 0 cece cece cece eee cccceeeeee. 1-1 
General Description ........0.... 00. cece cece cece cence eee e ee. 1-1 
FALUN OS 2g Dc eh ths iota hc Sake gtr echna wn didkgencenie coe ale S vos foaates Otaceoctechtes 1-1 
SPECIFICATION wise, Saw: Sid ee 5 at acied Mavs 2 tien ba esr gle ch wioate Laka Ge dese 1-2 
Basic Specifications .. 0... 0... cece et eeeeeneceeee, 1-2 
Physical Specifications ...... 0.0.0... 00 ccc c cece c cece ec eeeccceecee. 1-2 
Power Source Specifications .........0 00.0 cece eee ccc cece ccecceee. 1-3 
Data Recording Specifications ...... 0000. ccc cee cc cece cceee. 1-4 
CONPIGUBATION: 2. sting & Settee cohee etal pil nara varie wh Urecjein! ve deg 1-5 
Basic Configuration ..... 0... eee cence eee teen teeeeeeeee. 1-5 
OBHONS 3 x reiaee oe tales ata Secor white ee Sekonda ea hone wan eels hile) ome 1-7 
OPERA FLOWN ts s3sia sr giica Phe Bed nce ee ee ee Seis Vaca Eng lores 2-1 
GENERAL DESCRIPTION ........ 0.000 cece cece eee eeeneeeceee 2-1 
POWERING UP/DOWN 6 fci4 ca wears Gi pb 4d eucucs cb a ew Aah oe woo eens 2-1 
CONTROL AND INDICATORS ........ 0.0. ccc cece ccc cece ccceeeee. 2-1 
Operator Panel (option) ........0 00000 ccc cece cece ee ceccee. 2-1 
PCB CNASSG asta Scea ucla vais om cides dauch wihten Aerie Metin aid eo aizen aod oanda reas 2-2 
Optional Power Supply Unit ........0 000. cece cece ccc eeecccccecee. 2-4 
INSTALLATION isp con nia eecewdieraly% ahals Bie aie aduie then pale Ae wen 3-1 
GENERAL DESCRIPTION ........ 0.0... ccc ec cece ec eeeeeeeeccceee. 3-1 
MIBIPAC ICING: 3 sedis heh atatist Oia hag Winery ata Gh At nas gry hte DIM L month uate 3-1 
VISUAL INSPECTION 1.00... cece cece cece rene bn eneeeeees 3-4 
UNS FALATION siete 2 Seatac tare Sivtudes oc wth ocala de poe onan ga 3-4 
MOQUIEING) a tesncte see oe ins aoa ws wie we Pace Oh auc elton boned chk oye alee 3-4 
Vertical Mount Installation ........0.0.0 0.0... ccc cece cece cece eececcee. 3-6 
Unlocking Spindle ....... 00... eee c cece ac ecececee, 3-6 
Unlocking the Actuator ... 0.0... e even eneeeeces 3-7 
Unlocking the Motor ........... 00. c cece cece e cece eee e ee eeccccecee, 3-8 
50Hz/60Hz Exchange.......... 0.0.0 cece cece cece eeecceee cll. 3-9 
CABLING: ee rt ae aend att Side ott Rea nd acd il alain gt arta SRLS tpt, at 3-10 
OWS Calle: ones scaanstesaiysa atgign sexe aoe gre a avesierumg ls Geauhtieecc oa. uote ies we 3-10 
Connecting with Optional Power Supply ............0cccccecccceccce.. 3-12 
ING INDUE SRE CE i tions 3 ce eG es wan ara gue nai chetard Oe ba wean aus 3-12 
PORN DC Sel CE ees ais cace nes iy a acta dle ad eg Hicdlcvita aka, hy oe coaadatls eg ave eet, 3-13 
Power Cable Connection .......... 0.0.00. cece cece cece eccenccc ee. 3-13 
DC Voltage Adjustment ............ 0000. c cece e cece cece enec cece, 3-15 
Interface Cabling «6... 0.0... ccc eect eee ete e cen. 3-15 
System Grounding ..... 0.2... .0. 00.00 e cece eee cece eeeecec cele, 3-17 
Mode Select Setting .. 0.00.0... ccc ccc cece cet en eee cece ecnneeee., 3-18 
Disk Addressing ............ ccc cececececey pct Tat Pada cee shh EF hike. oe coe 3-18 
SECT MOE osprey seashore pesabart ahaa. Ualglele sachs, Bhctapara ws teay aod Mek coon 3-19 
PGA 7S BMAD tans sn a0 5.7 ok ars nate aed venta eth teats oho grar tne Lok shes hae wo 3-19 
Sector Counting .......... 0... ccc cece cece cece ee bne ene eecceeee. 3-19 
Mount Direction Select 2.0002. ee ee, 3-21 
SHIP RING -aisrs at tial a2 cheating conan iat Melia en tiomaigiet 0d hale yan oe 3-22 
STORAGE AND REPACKING .......0 0... c ccc cece cee cceveceeeeee. 3-22 
THEORY OF OPERATION .............. 0.0 c cece cece cc cceccecccee. 4-1 
GENERAL DESCRIPTION ........ 0.00. c ccc eee eee eee cece eee eee, 4-1 
PO EME ES ani cries neh N ee dalel tala a Salwar ta thee Behe CT ate tha) os 4-1 
Disk Enclosure (DE)... 0.0... 2 cece c ccc e cue cceeeeeeutnscenas, 4-1 


Vii 


4.2.2 Spindle Assembly .......... ccc cece cree eee eee eee eee eee teen ene 42 


4.2.3 Spindle Drive Motor and Brake ........ cece ee eee ener e etna 4-2 

424 Actuator Arm Assembly ...........0 cece eee cree een e eee ere neenane 42 

42.5 Actuator Lock, Spindle Lock ..... 0.0... c cece eee eee eee eee eens 4-2 

426 AjrCirculationinDE ........ 0... ee ete ee eee teens 4-5 

42.7 Sub-frame...... ccc eee ee ee eee ere eee eee nee 4-5 

7: a © v0) 111° cc 4-6 

43 MAGNETIC HEADS AND RECORDING MEDIA .........-. 002 cee e neers 4-7 

43.1 Magnetic Heads ......... 0c cece cece eee eee rete eee en eens 4-7 

43.2 Recording Media ........ 0. cece cece eee eee teen teen eee nae 4-8 

4.3.3 Servo Trade Format ........ 0c ccc eee ee ee eee tee eee eee 4-8 

4.3.3.1 Servo Track Configuration ..... 0... cc cece eet eee ences 4-8 

43.3.2 Servo Pattern 00... 0. cece cece eee eee cette eee e teen eennnee 4-10 
4.3.3.3 Index, 1|GB2,IGB1 and OGB ...... cece ee ee tte teens 4-13 
4.3.4 DataSurface Format ......... 0.0. eet eee ens 4-13 
4.3.5 Head and Surface Configuration ...... 0... 0c cece teens 4-13 
44 FORMAT sects eeericetg case he lee ig ae ees BA See Oa are 4-15 
4.4.1 Description... 0. ccc ccc eee eee eee teen teen e neers na nneseeene 4-15 
442 Fixed Sector Format ..... 0.000: cece eee eee eee neeas 4-15 
4.43 Variable Sector Format .......... ccc cere een eee eee eee eens 4-16 
444 Description of Format Parameters ........ 0. c cece eee eee eens 4-17 
4.4.4.1 Fixed Sector Format 1.0... 0.00 cee cece renee teen eee eee eeenes 4-17 
4.4.4.2 Variable Sector Format ......... 0c cece eee ee eee eee eens 4-17 
45 INTERFACE. occe sedcee Gee cece ee sh ee ae ee i Ree Wiebe eet seg i eres Sia 4-17 
45.1 INtroduUCTION 2... eee ee eee eee eats a beens 4-17 
AS.1A Purpose gic ie on Sas Fees SV a Oa Pee ere eRe aS ok La aS 4-17 
45.1.2 Application ...... 0... eee eee eet eet eens 4-18 
4.5.1.3 Connection ....... 0... ccc eet eee eee eee eee eee 4-18 
45.1.4 Time Specification ....... 2... cet teen etna 4-18 
4.5.1.5 Interface Transmitter/Receiver.... 0... ccc ce ee eee teens 4-18 
45.2 Interface Cabling ........ 0c cece cee recente eet eee eee eeeenenees 4-18 
45.3. Typeand Name of Signal Lines ......... 0c cece erect eet eee 4-19 
4.5.3.1 “A"-Cable Lines for Balanced Transmission ............000 eee eee ee eeeee 4-19 
45.3.2 *'B’’-Cable Lines for Balanced Transmission .......... 000 c ee eee rene eee 4-20 
45.4 Description of Signal Lines... 1.0... cece eee teens 4-20 
4.5.4.1 “A’'-Cable Input Signal 2.0.0.0... . eect ee eee eee teens 4-20 
45.42 “A’-Cable Output Signal ........ 0.0 cece cee eee eee etree ene eee 4-24 
4543 “B"-Cable Input Signal... 2.0.0... ccc ee eee eee tees 4-26 
45.4.4 “B"-Cable Output Signal ....... 0... cece eee eee nee 4-26 
B55 Taming socks ss See ee ee os eee ed ee AER ORES GAGS Ee ee RSS 4-27 
4.5.6 | Head Address Change at the Last Gap .... 1... cee eee eee 4-34 
45.7 Signal Transmission Driver/Receiver........ 0.00 c ee eer eee tees 4-36 
4.5.7.1 Balanced Transmission .........00 0c cece eee eee eee enter eee 4-36 
4.5.7.2 Channel Ready ........ 0... ccc eee eee ee eee etter ene eee nena 4-38 
45.8  Connectorand Cable ........... 000 cee ce eee eens 4-38 
4.5.8.1 Connector ....... cc ccc ct ee eee eee eet eee teen een eee e eee 4-38 
AS 'SB.2: Cable: book ed. pike die ealetden DEES os MD A ORLA TNE Ow ee ea le 4-38 
4.5.9 Connector Pin Assignment ...... 2.0 cc ccc cee eee tee eee eens 4-39 
45.9.1 “A’’-Cable Connector GO pin 2.0... .. ce eee eens 4-39 
45.9.2 “B”-Cable Connector'26 pin 0... 0... eee eee teen eens 4-39 
4.6 ELECTRIC CIRCUIT FUNCTION ...... 0.0.00 2 eee eee ee ee cee eee eee 4-40 
4.6.1  Start/Stop Function ......... 00. cece eee eee reece eee teen eeenes 4-40 
AG? -UnitSelection 2.6242 cicetriveevedecs sHebbe sands cetera wye Feeeis 4-46 
463 Seek Control Function .......... 000: cece cece eee eee eet e ene 4-48 
46.3.1 Initial Seek Mode .. 0... 2... ccc cee te enema renee ete eens 4-50 


4.6.3.2 Return To Zero Mode 


viii BO3P-4580-0100A...B 


BOSP - 4580 - 0100A...C 


Direct Seek  MOde io oeis oie Rates wren ase Bde OS ee 4-57 


Retract MOG ects cose aod sano tata eA BAA eat tous a a wetness 4-62 
Servo Circuit Function ......... 0... ccc cece e cece cece cceeeeeeeeecs 4-62 
POSITION SENSING oa. s Siebel Wind dee ee wala Meee se whe hese ee 4-62 
Direct Seek Control Circuit ..... 0... 00. ccc ccc cece eee e ete eee cues 4-68 
Initial Seek/Return To Zero Servo Control ........ 0.0. c cee eee ne eues 4-71 
Linear Mode Servo Control ....... 0... cc cece cece eee nce eeeeeenaas 4-74 
Retract Servo Control 2.0.0.0... ccc ccc ccc cee eee ene nee neereene 4-76 
Index/Sector/Guard Band Generate Function ..............c0ccecceees 4-78 
MISSING DOLOCE. 2 arcsec. sg eu ote ng Si, are Bataan Speake MG iaee ad a eid wea 4-78 
Sector: Generator % 4 ie bested wads wd een Eo ke Lote 4-82 
Mead: Selections tices crt aineees Giekuig sacl oh toute adie aeicenaeees bau de 4-84 
Read/Write Function ...... 0.0... ccc cee cece cece een cesenevaeees 4-87 
Read/Write Basic Principles ......... 0... ccc cee cecceaceues ‘ieee Be 4-87 
Write OpGratlon i553.) gshe cave we Sway eens wise Sb oes eeeeetd a Oke obs Sacha 4-90 
Write Compensation and MFM Coding ...............0ccccceeceeeeues 4-92 
Read Operations co.5 eh Coda a niet ati atte eet Bice a Waugh oda Ch oe 4-95 
PROP VEO ok 25 55 ha doa east te Sha te ated bane dch cea eh ahad ok eae Nears 4-102 
Fault and Error Detection .......... 0.0. ce eee eee eee ee eeens 4-115 
GNC Sl ta 3 eesti de Mt oc acdc ca Galo tal a ates Same greta tate ona Mit get Meigs A Oi 4-115 
Device-Cneck Register ws nag vate hha ote Yalend 2a sing at alo doa eed Senoates 4-115 
Seek Check ated os 2 uses 3556. o faye cides onashin eds vxle de eee AP sans 4-115 
TROUBLE SHOOTING GUIDE........ 0.0.0.0. cee ete ees 5-1 
INTRODUCTION: 23 tg 2c Jak ctl ha iice ws Nei oy eta in eed hein 5-1 
ERROR STA GUS oc ongrare Rati scans esta an tke nee Ce A ala Pare be wiees 5-1 
TROUBLE SHOOTING SYMBOL ............ 0... cee ccc e cece ee eees 5-3 
TROUBLE SHOOTING FLOW CHART ............. ccc cece ee eceues 5-3 
MAINTENANGE: s5i00 5 she 5-8 ab oA Siew ores wn'y herein asi Sk ee eee 6-1 
INTRODUCTION (atc Vt sue Yueh boas Beate eae Re ery a ea aliases 6-1 
GENERAL PRECAUTION: 3203s sisan sone dovtla eieesancd bona hares 6-1 
ROWer ON OMT et ee ie yea ene oa al ere tee ace net ra’s Dats Wana aes 6-1 
PCB Assembly and Connector Removal ..............cccececcceceeecs 6-1 
Parts Replacement ......... 00... c cece ccc c cece ectaeeeeeeseruvees 6-1 
ROCONS: i fut eek ta Pie tiara sila Ua tk A Dace pct ati hee tea nay 6-1 
MAINTENANCE TOOLS AND EQUPMENT...............00ccecceece 6-1 
PREVENTIVE MAINTENANCE ........... 0... ccc eee c ace ce ee eueaes 6-1 
MECHANICAL PARTS REPLACEMENT AND ADJUSTMENT ........... 6-1 
Disk Enclosure wis di ey conta 24 8620 ei eg dale denaed cee ean eee 6-1 
Spindle Drive Motor ........ 0.0.0. c ccc eee ence nee etveeeenes 6-3 
Motor Pulley Replacement .......... 0... cc cece ccc e cee eeeeteunaees 6-4 
Belt: Replacement 2.35 2060 5st Wk aati d wa Sie See hee Se eee ateeee 6-7 
Spindle Grounding Plate... 1.0.0... eee ee ete e nee eeenaus 6-7 
Speed Transducers 55 ys i os Sarno. y Cathie cae sade cates ad caste 6-8 
Blower Replacement: io. < acti oo sho edible not ardeince aunta Beno ae SERS 6-9 
Brake Relay Replacement .......... 00.00 cece eee ceceeeuceaueevaes 6-10 
PCB ASSEMBLY REPLACEMENT/ADJUSTMENT ..............000005 6-11 
PCB Assembly Arrangement........... 0.00 cece cece cee eeceeneuenes 6-11 
Test Point Arrangement on the PCB... 0... oe ce ee eens 6-11 
Adjustment after PCB Replacement ........... 0.0.0. cece ce ue eee neues 6-19 
Position Signal Adjustment ....... 0.0... cc cece cece eee e nen eneeeees 6-20 
Overshoot Adjustment ....... 0.0.0.0. cece eee ee eee tence teeeuns 6-20 
Positioning Time Adjustment .......... 0... 0c cece cece eee eae eeeenes 6-21 
Mount: Direction 00a cae ete ate aardes Ge Wy Wear ed oa aah Se hee wk a awe oe 6-22 
Sector Counter Selection .......0. 0.0... cece cece eee e ctv eeuneanes 6-23 
Disk: Address: fs) ost ars aceahea sul aw crite be, Wola. a graracn Wdledtattater: MaMa 6-26 


Device Type (optional) ...... 0.0... . cece ccc eee eee eee eens 6-26 
SECTOR MOde ai ica cd aK viaiire aid Ghd Aa ob ee tanerk wee Otc ge ree Sa eee 6-27 
VaG Ay SIE RADIC ti62 ira ft aaa Mag Doe eee i a See ie he tetas eaalad 6-27 
Electrical Check and Adjustment ......... 0.00. e cece eee eee teens 6-28 
ROVM/ROWM PCB ... 2... ce ee teen eee e enna eenane 6-28 
SDEM PCB sce gearee sitar byrcts Sree Be 8 Gree dt deme turacdvas. at eB Ada ee ates Peed a batos 6-28 
GMIMI PGB: 2 « scctite es cack Shes he eed i aa Se le Oe wea es 6-30 
VOPMPCB? 8. scicers dei wt aw Ga Wane Sos She Vale toa a telat, OA arti eevee 6-30 
CMIKM PGB: 6.0 S505 c Scene 4A aoe e Sata w oat SO SiG ele wid Wate a obs 6-34 
Electrical Measurement ..........0 0c cee cc cence tee te eee ece nee 6-34 
Read Output Measurement ......... 0.0: c cece cece e cece ee eee ee eaee 6-34 
Timing Margin Measurement ............00 0c cece cee cece eee eee eaee 6-35 
SPARE PARTS LIST ............ ccc eee cette eee eens eee eenas 7-1 
SPARE:PARES EIST) o:s22..622 sracdarce-g fia la. 3! ooese Gre “cee betas tah den shed satice WHE oa 7-1 
IC: DETAIL.” scars hick ea Ss RoR aan ads Bi ae aed Re 8-1 
INTFRODUG TION osc 3 8 ete ce Pi Sree tes a ahh ean ed Grae nnna lent ookig tee acbeetsettine ve 8-1 
LOGIC CONVENTIONS AND SYMBOLOGY ............... 000s cu eee 8-1 
TUE LOGIC! § feu s.8 ho ete Bh OE SOW Oe SIN RE lee as pee Beane 8-1 
ECL LOGIC i ocsdcs Va dF A) Soh etes Bi HR ark eBags eceeed Mase dae 8-3 
Logic SYMBOIOGY: <2. sos code shen ke eh hea aE oh ates aE cle tad a eorttt Aves que wbete é 8-3 
IC INTERCHANGEABILITY GUIDE .......... 0... ccc eee 8-4 
TTLIC Interchangeability ...... 0.0... cee cee ween ee ene 8-4 
ECL IC Interchangeability ...... 0.0.0... ccc ccc ee eee ee tee ne eees 8-6 
Linear IC Interchangeability ........0.0 0.0... c cece ee ee eee tenes 8-7 
FUJITSU Analog Master Slice ........ 0... 0c cece ee ee ene eaes 8-7 
IGADE PAUL osce siesta ele Ard, ood Vid ede Reis BAe Sane al NBL e a ee Se Danan re ae ate 8-8 
Wk Ota tigi oh ark. tok, wen cite ghia te ves ap Unies dea Buen le alanesd iy ge 4 See 8-8 
EGL Detail.2.0 43525 scape ares ofed oa ee Bed Beh aE BN saben at Oy inl yare vans 8-29 
Linear [C’Detail isc A te eles ed tes eens dB OT Ae lien ia ete 8-33 
FUJITSU Analog Master Slice IC Detail .........0 00... 0c. cece cc eee ees 8-37 
PARES EUS Uae Sore a da ee ke a a 8 hay aR OO GO ae eee iad SU 9-1 
ASSEMBLY DRAWINGS .......... 0.0.00. e eee ee ee eee eee eee ees 9-1 
LAST Aig tiser say tet on eect, a secaedite ae haa gh dak aoe and eure uae 9-1 
Index NO sos sucked et ena Sw eee Seles Pa wad Ae eae caren eae 9-1 
Composition 8: Quantity. oy cs ccvs Die pou we vadincata tae vise ee cuedead 9-1 
Speci (latin. oc oii Seite ahaa earns aul UN rele de Gu a ee A oe 9-1 
DESCRIP ELON chy. seats Wei tng aces wincae dm taste NE NE are tee Te ae ced 9-1 
BRAMMER onthidotrennz, ax Rat eerataatie ie Suave Rectan Wie batik cede teat hee aes 9-1 
SCHEMATICS ue oye tae blak SAS e bed ee SAUL AE EL Kas boaters gente d 10-1 


FIGURE 
1-2-1 
1-3-1 
13-2 
2-3-1 
2-3-2 
24-1 
3-2-1 
3-4-1 
3-4-2 
3.43 
344 
345 
3.46 
34-7 
3-5-1 
3-5-2 
353 
3-54 
3.55 
3-56 
35-7 
3-58 
3-5-9 
4-2-1 
4-2-2 
4-23 
424 
4-25 
4-24 
4-2-7 
4-3-1 
4-3-2 
4.33 
434 
4.3-5 
4346 
4-5-1 
4-5-2 
4.53 
4-54 
4.55 
4-56 
4-5-7 
4-5-8 
45-9 
4-5-10 
4-5-11 
4-5-12 
4-5-13 
45-14 


Illustrations 


Page 
+24V Load Current Waveform ..... 0.0.0... cece cece tence eeneeeeuus 1-3 
Basic CONTGUIATION - cars Sesiss ove a hc Daas bee awd kak oe ated 1-5 
Block: Diagran ox ashe ce. ds cederete le aeuaeh te ieatd os eed ney oe BLES A 1-6 
Operator Panel orbit Sewanee A edd Se ut ia lark dy tebe de hte 2-1 
Maintenance Aid Display and Switches .............0cc ccc euceuceuees 2-2 
Optional Power Supply Unit ........ 0.00. cece eee eee e eee eeeeees 2-5 
Exterior View and Construction of Carton............ccc cee cc ecueeeae 3-2 
19” Rack Mount Installation ...... 0.0.00. cc cece ee cece cece eeeeeeeees 3-4 
An Example of Vertical Mount Installation ................0ceceeeceee 3-5 
Mounting FIXtUFE':.. ess oh eo fo hava ae oe Vee sie eg asd doe iowa 3-6 
Releasing Spindle Lock ........ 0... cece cee cece ect en eeeeuyeeee 3-7 
PRETUBTOM LOCK: 5 os curs ex oclanieeleceaiteacdie’e, Pate aden SS aw Sao Helle oemeaty ares 3-7 
Motor Lock and Release... ..... 0... ce cee cece nee e eect nenauus 3-8 
Frequency and Pulley Position ......... 00.0.0... cece eee eee ee eens 3-9 
POWer Cables. $5's0 5:5 h-o.u Vig ceed watarnal cee are Maras eced, dtiroe eoane A he Rhee 3-10 
PAG VU SEI SCE cis ie es ees get oceans Ga teee yg ag dtu ed betice. we fto ee wal anette 3-13 
FOAM DG SOLGCt oes ae ints a: 8 cath dial aiapa Oi Seeeen ake adi Dae Soe ad ie ee 3-13 
Power Cable Connection .............0. 000 c ee uuu Fe eee ee eee ene 3-14 
(ntertace Cabling: «scariest dole eles eh bake ube woh aatie ies Saeed aang le ate 3-15 
System Interface Cabling ..... 0.0.0.0. cece eee cece eeeneevaae 3-16 
Ground Terminal on the Unit...... 0.00... 0. ccc cece cee eee ueenee 3-17 
System Grounding .......0.0 0.00.0... c eee cence cee cevnnenvennue 3-18 
MOUNT DIRGCHON a iu 2 ei a % haar ead. 6g ae Wie wh Ow wk REL oS nes 3-21 
Disk ENClOSUTE: & ccat uncon tay aot we eee Paw dd bya Bored Lee Be 4-1 
SPINE ASSEMDIY: -f org. ate eis AS e ok ok ace ai Sotiee aisiave Ghdo'e Ord yendechal een d 4-2 
Disk Spindle Motor and Brake ........ 0... 0 cc cece ccc ccuccucuavacs 1. 43 
Actuator Arm Assembly ......... 0.0.00 ccc cece cnn eeeueeeevecvauguas 4-4 
Air Circulation inside DE ....... 0.0... ccc ccc eee e cere ee neueeuas 4-5 
DUD: EVAIIE ui 522 tad el et ee alg Brace a w/t al Oke on wag 2 aide beacece et eae ane & 4-6 
COO NG: Seca arlisernsg ee erated sire ek ec EM AIED ree eS ade ae te auct agen Bos iMag Styles 4-6 
Pea WRItGTICEG: onan cio acts ee ay wlan puss wet dees awa bik Ss aang tal ade 4-7 
Tapered flat Slider foes 6 eiadiaoiee wise haves bad i leweel cg Me Mbals 4-9 
Servo Track Configuration ....... 00... ccc cece cece cen eeveveueueuaus 4-9 
SERVO: SIGNALS: 3 peer aba 4, og ec ec Win wal Giek Hie Kae avg dha: eg oo oe alos 4-11 
One lirack SEnvO-SIGNAl: esac a5 le dee Uhien Wad odode e oie ae Ane donee 4-12 
Head and Surface Configuration... ....... 0.0... ce cece cece eevee euuees 4-13 
biter Tace Cable oko co aig weeny ai iod & Sob areg MS Mergs le dieu ete Sandler 4 4-19 
Storage Addressing M2282/M2286 ........ 0.0.0... ccc cece cece eeeneues 4-21 
Storage Addressing M2283/M2287 ......... 0.00 cece cu cecucecucucueus 4-22 
Storage Addressing M2284/M2288 ......... 0... ccc cece ccc eueeuuveeus 4-22 
UNITE. SCISGE TAMING: 5.5256 Sw igealmctue Deeta oui at eat kt Nba tees Orc tarignscten wi atvn dg 4-27 
DECK TUNING urvre te edathicecn agree ti tidininty Sige aired WsaP betes a ahiapittind ss ents 4-27 
RTZ Timing ............. Ssh oivert dane etn y tate aa aaee gaa anata fb draceane tered abies 4-28 
Zero Track Seek Timing ............ 0.00 cc cece e cee e ee netneneuay 4-28 
Plead ACACESSING fe caase Sette of Shea. ok att pied thle o ANd ate seareP aca acs he 4-29 
Addressing for Fixed Area .. 0... 0... icc c cece cece teen ne eeenns 4-29 
Addressing for Access Area ...... 0... ccc cece cee cence ne eeueneuvauns 4-30 
Fixed Head Addressing During Seek Operation .............cceceeceece 4-30 
Index and Sector Timing ....... 0.0... cc ccc cee cee eee cee eaeenenans 4-31 
Write Data and Write Clock Timing ............cc ccc eee eccueveeeeues 4-31 


BO3P-4580-0100A...B xi 


4-5-15 
4-5-16 
4-5-17 
4-5-18 
4-5-19 
4-5-20 
4-5-21 
4-5-22 
4-5-23 
4-5-24 
4-5-25 
4-5-26 
4-5-27 
4-5-28 
4-5-29 
46-1 

46-2 

46-3 

464 

46-5 

46-6 

4-6-7 . 
46-8 

46-9 

46-10 
46-11 
46-12 
46-13 
46-14 
46-15 
46-16 
46-17 
46-18 
46-19 
46-20 
46-21 
46-22 
46-23 
46-24 
46-25 
4-6-26 
46-27 
46-28 
44-29 
46-30 
46-31 
46-32 
4-6-33 
4-6-34 
46-35 
46-36 
46-37 
46-38 
46-39 
46-40 
46-41 


xii 


1F Read Clock and Read Data Timing ......... 0. 2c cere ee eee teen eens 4-32 
Channel Ready Timing: ...s.i0 i coe re sce eee ete ied pea tes ee 4-32 
Format Write Timing ........ 00. cee cee cee eee eter e rete senene 4-32 
Write Data Timing ....... 00. ccc cece eee teen e nee 4-33 
Read Data Timing. s:csctva. cet ac Cey anak ee seh edee eee ees die kes 4-33 
Head Address Change at the Last Gap .......... eee cece cece renee 4-34 
AM: Detection ..csccciciee ee busting te eae ee AR edd Be eal 5G 4-34 
AM Write: esd e ste teteed eet pike awa Geen AGA ee eee eae tee ale 4-35 
Tag 4/5: Timing «soos eek eet ece bok Nanas Swe asll ahtme aa 4-35 
FaultClear Timing i.c csc oxeiain Sie eee LON AOS Mae a TS Ea 4-35 
Offset TAMING once eo Ghee ooh heed bio ne eden a ee ee 4-36 
Balanced Transmission of B-cable...... 2... cee eee ee eens 4-36 
Balanced Transmission of A-cable ........ 0.00 c ee eee eee eee eee nee 4-37 
Balanced Transmission Level ..........0c cece cence eee eee neta teens 4-37 
I/O COMMECTONS: 5 ieee ek eee erates wba, 8 Sia a Pa eal s, SS wea oe le 4-40 
Start/Stop Block Diagram ........ 0. eee ee eee ee ee ener n tee teenee 4-42 
Start/Stop Timing Chart .....-..-.0- ccs cece cence terre a eet ent eenaee 4-43 
Start Sequence Flow Chart ......... 0. cece cece ee eee ee tee eet n eens 4-44 
Stop Sequence Flow Chart ........ 0.0: e cee eect ee ee cent eens 4-45 
Unit Selection Block Diagram ....... 0... cee cee eee tenes 4-47 
Seek Control Block Diagram .......... ccc cece eect e eee n eee 4-49 
Go To Zero Flow Chart <i dss Desinins oO ess been een eae aes 4-51 
Initial Seek Timing Chart ......... 00.0 bas duos becedn dia te eaguue Gotan eeuca ess 4-54 
Return to Zero Timing Chart ........ 0... c cece eee eee een e nes 4-56 
Direct Seek Flow Chart .......0.0 cece eet ee ee eee eee eee ene 4-58 
Direct Seek Timing Chart ..4 2.0.0 cs 05s cane kre ioe reed mila eee 4-61 
Position Sensing Block Diagram ........ 00 cece cece eee een eens 4-63 
Position Sensing Waveform (1) ..... 0... cee eee cee teen teens 4-64 
Position Sensing Waveform (2) ..... 0.20. cece eee eee t eens 4-65 
Position Sensing Waveform (3) ....... 6c cee ee eee eee eens 4-66 
Position Sensing Waveform (4) ......0. 2.2 cece eee eee eens 4-67 
Direct Seek Servo Block Diagram ......... 0... cece ee ee ee teens 4-69 
Direct Seek Servo Waveform ....... 0. eee eee ne ene 4-70 
Initial Seek/RTZ Servo Block Diagram... 0.2... ee ee eee 4-72 
Initial Seek Servo Waveform . 0... cee eee teen eens 4-73 
RTZ Servo Waveform ...... 00. ce eee eee eee ee eee eens 4-74 
Linear Mode Servo Control Block Diagram ...........0000 eee eee eens 4-75 
Retract Servo Control Block Diagram ....... 0.0... c cece eee eens 4-77 
Missing Detect Block Diagram .......... 0c cece e cee ete 4-79 
Index Detect Timing Chart ...... 2.0... cc cee cece ete ee eee tees 4-80 
Guard Band Pattern Detect Timing Chart ........... 000 cece cece eens 4-81 
Sector Generating Block Diagram ....... 2.0... cee cee eens 4-83 
Sector Generating Timing Chart ....... 0.000 e eee cece eee eee eee 4-83 
Head Select Block Diagram (1). 0... 00. e cee c eee eee eee teen ene eaes 4-85 
Head Select Block Diagram (2) ....... 0... eee eee eens 4-86 
Data Write: nga fl be vot aa enaaae he gown seattle kee Lee 4-87 
Data Read: cee ox cute eu eons pein oS Rule Weal eR ohne On ne ee 4-88 
MEM Coding atin. nds exc? sh Satieu eee meee tae tes aoe 4-89 
Write Operation Block Diagram ......... 0 ccc c eee ee ee eee eens 4-91 
Write Compensation and MFM Coding Block Diagram ............2.0000- 4-93 
Write Compensation and MFM Coding Timing Chart ............-.----5- 4-94 
Write Compensation Shift ........ 0.00 c cece cece ee ete eee eee eee eens 4-95 
Read/Write Bus Switch... 0.0.2... ccc ee teen teens 4-96 
AGC Squelch Function ....... 0.0.00: eee eee eee eee enna 4-97 
AM Search on Read Signal ......... 0... cece eee eee teens 4-97 


Analog Read Data Block Diagram 


BO3P-4580-0100A...B 


46-42 
46-43 
46-44 
46-45 
46-46 
46-47 
46-48 
46-49 
46-50 
46-51 
46-52 
46-53 
46-54 
46-55 
5-4-1 
54-2 
5-43 
5-4-4 
5-45 
6-5-1 
6-5-2 
6-53 
6-5-4 
6-5-5 
6-56 
6-5-7 
6-5-8 
6-5-9 
6-5-10 
6-5-11 
66-1 
6-6-2 
6-6-3 
664 
6-6-5 
6646 
6-6-7 
6-6-8 
66-9 
66-10 
66-11 
6-6-12 
6-6-13 
66-14 
6-6-15 
66-16 
66-17 
66-18 
66-19 
6-6-20 
66-21 
66-22 
66-23 
6-6-24 
66-25 


Read Data Analog to Digital Block Diagram. ................ 000 cee eee 4-100 


Read Data Analog to Digital Timing... 2.0.0... 0... cc cee cee eee nee 4-101 
PLO/VFO Block Diagram ........ 0... ccc eee cee ee teen ee eee eeenenes 4-103 
PLO Circuit Block Diagram ........ 0... cece cee ee eee cece ne eenenae 4-104 
Phase: Locked Timing? 5.0005 chek haw oid tak eae Hada Gewese ew 4 4-105 
PLO Phase Lead Timing .......... cece cece eee eect ete e ee eeeeees 4-105 
PLO Phase Lag Timing .......... cc cece eevee eee ee eee ee eeeas 4-106 
CLK1/CLK2 Generation Timing .......... 00. c cece eee eee eee e eee 4-107 
VFO and Data Separator Block Diagram ............ 00. c cee eee eee 4-109 
VFO and Data Separator Timing Chart .......... 0.0... cee eee eee eaee 4-110 
VFO Control During Initial/Retract Operation .......... 0.000 c eee eens 4-112 
VFO Control During RTZ Operation ........ 0... 0.0 ccc cece eee tees 4-112 
VFO Control Block Diagram ....... 0.0... ccc eee cette eee enna 4-113 
VFO Control During Read/Write Operation ............. 000. cee eee ees 4-114 
Not Ready Flow Chart ... 0... 0. cc ccc cece ee ee eee e even eeeeeeue 54 
Device Check Flow Chart ......... 00000. c cece cece eect e eee neenaee 5-10 
Seek Error Flow Chart ...... 0.0... cc cece cece eee cee tence ee nenes 5-16 
ReadsError Flow Charts se osc ok oo aed weenie ok nen ae ola wwe ales 5-23 
AM Missing Flow Chart ......... 00.000 e cect cece ee ee ee eee eeas 5-30 
Disk Enclosure Replacement ............ 20.0. cece cece eee eee eeeee 6-2 
DE linstallationi: oc d08h.an ect ies Pee ees aaa aod & eaeautear een ak hee 6-3 
Disk Drive Motor Replacement ............ 000 cece cece ete n eee nae 6-3 
Motor Pulley Replacement .......... 0.00 cece cece cece eee e eee eas 6-5 
Belt Tension Adjustment ....... 0.0... cee eee eee eee e eae eeeaaas 6-6 
Pulley abel totes. nce 00% cad gad lel ene tecsnard n.d Selb k dee ace cetewedh het Stale wees 6-6 
Belt: Replacements, «6 63-028 kan ah a ie bette Saw ewe eee Pee, 6-7 
Spindle Grounding Plate Replacement and Adjustment ................. 6-8 
Speed: Ttansqueen acs ce cca Wohacd hoy aate a Boe ee bo haeded ey arergamanted ABS 6-9 
Blower Replacement ..........00 ccc ccc cece eee e eee eee eeeenenas 6-10 
Relay Replacement: uc 6206 burgers ba Os ol Dea nea Ve FOE Uda hs 6-10 
ROVM/ROWM PCB Test Points ........ 0... 0c cece eee cece eee eee eas 6-11 
SDIM PCB Test Points ....... 0.0... ccc ccc cece eee eee teen ees 6-13 
CMIM PCB Test Points ......... 0... cc cece ee ee ee een ence ee eens 6-15 
VOPN PCB. Test: POUNES 2055 G01. ie edie wena oe Seera a boa ee Rhaes 6-17 
CMKM PCB Test Points ....... 0... ccc eee ee ee eee ee eee cece enees 6-18 
Position Signal Adjustment ......... 0... cc cece eee eee cece ee nee ees 6-20 
Overshoot Adjustment ........ 0.0.0 cc cee cece ee eee ener een eaes 6-21 
Positioning Time Adjustment .........00.0 0.0.0. cc ence eee e eee neeues 6-22 
Mount: Directionics. 2.6055 ee bad ere Bw, date eae he ee beet bees 6-22 
Disk :AddieSs xis succeed 4 Binet se dis ¥ Oa Nie oh ote ads Dh tee wea 6-26 
D@VICE TV DO eects eek Sea, whine des. oterctige bv ete oa Me deus Gaal ack wise eedo & walberasths 6-27 
Sector: Mode) occ: so aee org a ahaha soda eae LEG ied Pee eae Sok 6-27 
Teg AlS: EN ae: 2 acute a oe ah i272 we acs So oO aire we heed Shea Gat Oddo Se elie wbgerp al eintg 6-28 
Servo Pulse Window ......... 0.00 cece cece eee cece eee nen e teen ees 6-28 
PLOSS Adjustment <0 40ics 3a shed ioe 2s Pete tw Sach Se ihe §-29 
DAC Output Adjustment ..........0 0... cece eee eee ees 6-30 
Settling Time 1 Adjustment ........ 0.0... 0c cece eee eee eee eae 6-30 
PLOSS 2 Adjustment ........ 0... ccc eee eee eee eee eee eens 6-31 
VFOSS Adjustment 1...... 0.0.0... ccc ce cee eee eee ene eee n nee 6-31 
VFOSS Adjustment 2.00300 :haicve eva cE Gan eRe Sees he Gove ous ee wat 6-32 
VFO Frequenccy Adjustment ...... 00... cc cece eee eee eee e eee 6-32 
Write Compensation ........ 0.0... 0c ccc cece cee cence ne nennees 6-33 
Write Compensation Adjustement ........... 0.00 c cece cence eee eees 6-33 
Data Window Adjustement ........ 0.00.0 cece eee ee teen neta 6-34 
Read Output Measurement............ 0.00 cee eee ee ee ee en eee 6-35 


6-6-26 
8-2-1 
8-2-2 
8-2-3 
8-2-4 
9-1 
9-2 
9-3 
9-4 


xiv 


Timing Margin Measurement 


UL iisd meio eae waste ulna pretends 6-36 
TTL Medium Speed IC Level ........... cece eee cece eee eee eee eee enes 8-1 
TTL Super High Speed IC Level .......... ccc cece c eee eee e scenes 8-2 
TTL Medium Low Power Consumption IC Level ......................05. 8-2 
EG logic: Level: saiiassuis ote lelas vee tieiaessaeteemay ye yeeaas eens 8-3 
Part. List Example icis. asic Scie tenis et eee Geet eau shoe d Saye ae Cele eins 9-2 
Fixed: Disk UMites:a thera ies sabe Edie Wee te lade itewts bocce hed eee 9-4 
Sub-frame;Unith cian ener aencek va hac o all ds ee eeiain soe ae ee 9-6 
GatesUit iiss iecetes cts tae Weta wad hae nena oa eardoreon iia awit 9-9 


BO3P - 4580 - 0100A...C 


Basic Specifications 


Fixed Head Option Specifications 
Physical Specifications 
AC Power Source Specifications 
DC Power Source Specifications 
Data Recording Specifications 
Options List 3.5.9.50% i oacd Howe Ole ee BS eR 


Power Cable List ................000. 
Disk Addressing ............0000eeeee 
Sector Mode ............00cc cece eae 


Index/IGB2/1IGB1/OGB Patterns 
Tag/Bus Lines........... 0.00.00. 000 
Status Lines Determined by Tag 4/5 


Device Type Code 


SN75107 Truth Table 
A Cable Pin Assignment 
B Cable Pin Assignment 


Error status: 4.2022 a0. 6 Aeeaad eee bandiee 
Maintenance Aid Display 
Error’ Codeé a ec ee eS oes ee ees 


Maintenance Tools and Equipment 
PCB Arrangement.................4. 


ROVM/ROWM Potentiometer Function 
SDIM PCB Test Points 
SDIM Potentiometer Function 
SDIM Switch Function 
CMIM Check Terminal 
CMIM Test Points.................00. 
CMIM Potentiometer Function 
VOFM Check Terminals 
VOFM Potentiometer/Switch Function 


CMKM Test Points 


BO3P-4580-0100A...B 


CMKM Potentiometer/Switch Function 
Sector Selection Key 
Sector Selection .......... 0.0.0.0 eae 
Disk Address ........... 0.0.0 ceeeee 
Device Type (Optional) 
Sector Mode ......... 0... e ee eeee 


Tables 


XV 


8-3-1 TTL Interchangeability ....... 0... cece cece cece eee eee e nee nee een ees 8-6 


8-3-2 ECL IC Interchangeability .......... 0c cece cece cece eee e nee eee enees 8-6 
8-3-3 Linear IC Interchangeability ............. cc cece cece eee e tent ee ence eneee 8-7 
8-3-4 Fujitsu Analog M/S IC oo... cece cece ce cence ener eee e nent ene nnn en enens 8-7 
9-1 Part List Example 2.0... ccc cece cee cece cee n eee ener eee e ener eresees 9-3 
9-2 Fixed Disk UNI ic iecciei dee eee sed eecee cea te eae eee SaaS eases 9-5 
9-3 Sub-Frame Unit ......... ccc cece ccc n eee e erence eee m an ee crea ness eseeneees 9-7 
9-4 Gate Uniti 6 ccciaiieds ob sdccnie he WS Swe wre soe de ata oie SEATON SE Re Me 9-10 


xvi BO3P - 4580 - 0100A...C 


section 1 
General Description 


1. GENERAL DESCRIPTION 


1.1 GENERAL DESCRIPTION 


1.1.1 General Description . 
The M228X series Fixed Disk Unit is a high performance, random access storage 
device. The M228X is a series of models having storage capacities of 67.4MB, 
84.7MB, 134.8MB, and 168.5MB, each with an optional fixed head capacity of 
655.4KB additional storage. 


The basic components of these units are Disk Enclosure, spindle drive motor and 
brake, read/write PCB, driver/receiver interface circuitry and function-related 
logic PCB’s. The Disk Enclosure (DE) consists of Contact Start/Stop (CSS) heads 
and media, rotary actuator linear motor and filters all contained in a sealed cover. 
The M228X series has attained performances equal to those of large storage units 
in a small, low price package. 


The M228X FDU contains a standard SMD interface, thereby allowing the drives 
to be added to an existing disk configuration allowing substantial savings over re- 
movable media drives. By standardizing on this interface, development time for 
controllers and software will be substantially reduced. 


The M228X series may be mounted horizontally or vertically. They are designed 
to be mounted in a standard 19 inch rack or built into a system cabinet. Up to 
eight drives can be daisy-chained together. 


1.1.2 Features 
(1) High reliability 

(a) Sealed air recirculation system continuously cleans the air within the DE, 
thus eliminating the need for preventive maintenance. 

(b) Contact start/stop type heads and media developed by the most up-to- 
date technology are employed, thus eliminating head loading and other 
mechanisms that could reduce reliability. 

(c) Rotary-type actuator reduces unit size, power consumption and heat dis- 
sipation. 

(d) The electrical components mounted in the disk enclosure have been re- 
duced to a minimum. 

(e) A head IC (HIC) is mounted near each data and servo head. The HIC im- 
proves the signal-to-noise ratio for increased data integrity. 

(2) Expandability 

A complete series of models having file capacities of 67.4MB/84.7MB/ 

134.8MB/168.5MB is available. The required file configuration can be 

enhanced by combining with optional fixed heads for an additional capacity 
of 655.4KB. File capacity can be easily changed by removing three nuts 
holding the Disk Enclosure and installing a different capacity DE. The 
power supply (option) is compatible with all M228X models. 

(3) Maintainability 
Routine preventive maintenance is unnecessary. 

(4) Compact, Light Weight 

These units can be mounted in a standard 19 inch rack in 6 pitches. 

The weight of the unit, excluding the optional front panel (front panel and 

slide rails: 8kg) ranges from aminimum of approximately 35kg for the M2282 

to a maximum of approximately 40kg for the M2288. 
(5) Vertical Mount Capability 
FDU may be installed in a vertical direction to be built into a system. 
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1.2 SPECIFICATIONS 


1.2.1 Basic Specifications 
These units have the following basic specifications: 


Table 1-2-1 Basic Specifications 


67 4MB 


84.2MB 
134.8MB 
168 .5MB 


Table 1-2-2 Fixed-head option specifications 


The models with optional fixed-heads have the following specifications: 
a ee 
655KB 


67.4MB 
84.2MB 
134 8MB 
168 5MB 


1.2.2 Physical Specifications 


Table 1-2-3 Physical Specifications 


1-2 


Weight* 
Weight* 
Temperature 


Humidity 


Dust 


Vibration 
Resistance 


Altitude 


Minimum unit weight (M2282) 
Maximum unit weight (M2288) 
Operating 


Gradient 


Operating 
Non-operating 


Operating 


Non-operating 
Operating 
Non-operating 


Dimension Height 250mm (9.84 in) 
Width 416mm (16.38 in) 
Depth 650mm (25.59 in) 


Approx 35kg (77 Ibs) 
Approx 40kg (88 Ibs) 
41°F ~ 104°F 


5°C~ 40°C 
Non-operating -40°F ~ 140°F 
-40°C ~ 60°C 


+27°F/hour max. 
+15°C/hour max. 
20% ~ 80% RH 

5% ~ 95% RH 
(No condensation) 
0.168 mg/m? max 
(Stearic acid standard) 


0.2G max (5Hz ~ 50Hz) 
1G max (50Hz ~ 500Hz) 
3G max (when locked for shipment) 


10,000 feet 
40,000 feet 


* Note: The front panel assembly is excluded in the table. 
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1.2.3 Power Source Specifications 
(1) AC Power Requirement 


Table 1-2-4 AC Power Source Specifications 


+1% 
100V 410% 50/60Hz 


Starting Current 


+15% 
-10% 


+22V 
~25V 


AC220V 


24V 
27V 


+ 
AC 240V 


Note *: Starting current is specified at AC input of optional power supply unit (B14L-5100-0030A). 


(2) DC Power Requirement 


Table 1-2-5 DC Power Source Specificaions 


* +24V Load Current (Worst Case) 


3.8A max. 


0A 


27ms 2,5ms 


Figure 1-2-1 +24V Load Current Waveform 
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1.2.4 Data Recording Specifications 


Table 1-2-6 Data Recording Specifications 


67.4 MB 84.2 MB 1348 MB 168.5 MB 
*Fixed-heads 655.4 KB 655.4 KB 655.4 KB 655.4 KB 
Access-heads 808 (+15 spare) | 808 (+15 spare) | 808 (+15 spare) | 808 (+15 spare) 


Storage capacity 
(unformatted) 


Tracks per 
cylinder 


*Fixed-heads 8 8 


Capacity per track 


20 ,480 Bytes 


One-track positioning time 6 mS 


27 mS 


Average positioning time 


Maximum positioning time 55 mS 


Rotational speed 


2,964 RPM + 4% 


Average latency time 10.12 mS 


Recording density 6,580 BPI 
680 TPI 
1,012 KB/S 


MFM 


Track density 


Transfer rate 


Recording method 


Interface data NRZ 
40 sec 


30 sec 


Capacity in 64-sector format 53.9 MB 67.4 MB 107.8 MB 1348 MB 


*Notes: Fixed-heads are optional. 


Starting time 


Stopping time 
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1.3 CONFIGURATION 


1.3.1 Basic Configuration 


The basic configuration of this unit is given in Figure 1-3-1 and its block diagram 
is given in Figure 1-3-2. 


Control PCB Chassis 
Spindle Drive Motor Control! PCB Chassis 


Rotary Actuator 


R/W PCB Chassis 


eq; 
Disk 


9 ae 


(10.31in} | 
a 
4 


*Disk Enclosure 


9.84in 


MY 


ae (26.57in) 


(18.98in) 


(XXX) indicates measurement with front Panel and slides option. 


*M2282,M2286 Two disks in DE 
M2280,M2289 Two disks in DE 
M2283, M2287 Three disks in DE 
M2284,M2288 Three disks in DE 


Figure 1-3-1 Basic Configuration 
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———— 


Interface 
Line A 


———— 


Interface 
Line B 


——————: 


. 
o 
re 
8 
a 
= 
= 
o 
2 
ce 
a) 


Driver/Receiver 


LED/Switch 


__bc+24v t 


DC+5V,+12V,-12V ' | 


Read/Write 
Circuit 


Servo 
i Circuit 


a ress 


Pe: 


Seek Control 
Circuit 


Read/Write 
Control 


INX/SCT 
Circuit 


Interface Contro! Circuit 


Start-up 
Circuit 


Fault 
Detect 


Circuit 


Rotary 
Actuator 


AC115V 
Relay. Motor 


a a ee eee 
Figure 1-3-2 Block Diagram = a 


1.3.2 Option 


Table 1-3-1 Options List 


ee 


Power supply B14L-0300-0018A 
Power supply B14L-5100-0030A 
Operator Panel and Slide rails B03B-4540-E350A 
Rubber shock mount B30L-1920-0002A 
Cable * B660-1065-TOO6A 
Cable ** B660-1065-TO08A 
Terminator A B16B-4870-0010A 


Connector type 100V/115V 
Connector type 220V/240V 
19” rack mount type 
Built-in type (vertical) 


Interface cable “A” 


Interface cable “B” 


A cable line terminator 


Notes: * Cable length (2) can be specified from 1m to 30m in 20 inch increments. 
** Cable length (2) can be specified from 1m to 5m in 500mm increments, 


Example: B660-1065-TOO8A#L3R503 (for 3.5m) 
3.50 x 103mm 
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Section 2 
Operation 


2. OPERATION 


2.1 GENERAL DESCRIPTION 


The M228X Fixed Disk Unit can be mounted in a 19 inch rack or built into a system 
cabinet. An operator panel (with slide rails) is available as an option. 
The GBGM Printed-Circuit-Board (PCB Chassis) of the M228X Fixed Disk Unit is 
equipped with Maintenance Aid LED’s, Device Check Clear switch and File Protect 
switch. 
Powering up/down and the functions of the control panel indicators (LED) and switches 
will be described in this section. The optional operator panel will be described as well 
as the functions of the LED’s and switches. 

2.2 POWERING UP/DOWN 


The M228X Fixed Disk Unit is not equipped with a power ON/OFF switch. Therefore, 
powering up/down of the Fixed Disk Unit is usually performed by a powering up/down 
of the system. 

However, when the disk unit is equippped with an optional power supply, powering 
up/down may be performed by turning the power switch ON and OFF in Local mode 
at the power supply or by sending Pick/Hold signals from the contro! unit with the 
power supply in Remote mode. 

2.3 CONTROL AND INDICATORS 


2.3.1 Operator Panel (option) 
The operator panel (front panel) is optional, however, an example will be given 
and the functions of the LED’s and switches will be described here. 


Power] (Read 
P ed Check 


Figure 2-3-1 Operator Panel 

(1) POW (power) indicator: Red 
This LED lights up when the power is turned on, 

(2) RDY (Ready) indicator: Red 
This LED indicates the initial seek has been performed or indicates the termination of a Seek or RTZ 
operation. 
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(3) CHK (Check) Indicator: Red 
This LED indicates any fault condition. 
(4) PTCT (Protect) indicator: Red 
This LED indicates that writing is inhibited. 
(5) PROTECT switch: White 
This key inhibits the write operation. 
(6) CHK CLR (Check Clear) switch: Gray (flat key) 
This key resets a Device Check status. 


2.3.2 PCB CHASSIS 
The unit contains a PCB chassis with Maintenance Aid Display (LED's), a Device 
Check Clear switch and File-protect switch. 


ON 
OM3 “'B" Cable OFF 


CKCLR FPT 


OOOO00000 a 


TG2 TG! ST5 ST4 ST3 ST2_ STI STO 


Figure 2-3-2 Maintenance Aid Display and Switches 


(1) CKCLR (Check Clear) switch: (momentary) 
This switch resets a Device Check status. 

(2) FPT (File Protect) switch 
This switch inhibits the write operation. When an optional operator panel is installed on the unit, this 
switch should be in the OFF position. 

(3) TG1, 2 (Status Tag 1,2) LED’s: Red 
Two LED's indicate four basic disk conditions in binary coded decimal, which are Not-Ready status, 
Device-Check status, Unit status and Seek-Check status. 

(4) STO to ST5 (Status 0 to 5) LED's: Red 
Six status conditions are displayed for each Status Tag 1 and 2 combination as shown in Table 2-3-1. 


Table 2-3-1 Maintenance Aid Display Conditions 


on ere ee 
2 [esecon | ramet | oncvin | ur i ud | 
ra [ewes | renee? | wierd | A On Gna 
Pa Tama | remriecnes | ao | ow ra cima 
he 


Initial Seek Read/Write Check 4 Access Head IHegal Cylinder 
Timeout Selected 


(1) Not Ready Status 
(a) Power Ready 
Indicates that +5V, +12V DC power is up to nominal voltage. 
(b) Channel Ready 
Indicates the Channel Ready signal is true. 
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(2) 


(3) 


(4) 


(c) Speed OK 
Indicates that the rotational speed is up to 2,370 RPM (80%). 


(d) Start 1 
Indicates that the Start Counter has output the GBENB (Guard Band Enable) signal. 

(e) Start 2 
Indicates that the Start Counter has output the STARTP (Start Pulse) to initiate the Initial Seek 
sequence, 


(f) Initial Seek Time Out 
Indicates that the Initial Seek sequence was not accomplished within 640 ms after the STARTP 
signal. 
Device Check Status 
(a) Control Check 1 
Indicates that a read/write instruction was issued during Busy Status. 
(b) Control Check 2 
Indicates that Write Gate was issued during a fault condition, 
(c) Read/Write Check 1 
Indicates that Write Gate was issued during an off-track status or VCM-overheating has occured. 
(d} Read/Write Check 2 
Indicates that write current to the data head did not flow during a write operation or that write 
current flows without a write gate command. 
(e) Read/Write Check 3 
Indicates that Write Gate was issued during file-protected status. 
(f) Read/Write Check 4 
Indicates that Read or Write Gate was issued during a multi-head-selected condition. 
Unit Status 
(a) Unit Selected 
Indicates that the unit is selected. 
(b) Fixed Sector Mode 
Indicates the fixed sector mode is selected. 
{c) On Cylinder 
Indicates On Cylinder status. 
(d) File Protected 
Indicates Write-protected status. 
(e) Busy 
Indicates that the heads are in motion. 
(f) Access Head Selected 
Indicates that an access head is selected. 
Seek Check Status 
(a) RTZ Time Out 
Indicates that an RTZ sequence was not terminated within 640 ms. 
(b}) Seek Gurad Band 
Indicates that a Guard Band was detected du ring a direct seek operation, 
(c) Linear Mode Guard Band 
Indicates that a guard band was detected during a linear mode operation. 
(d) RTZ Outer Guard Band 
Indicates that an outer guard band was detected during an RTZ operation. 
(e) Over Track Crossing Pulse 
Indicates that the head overshot the new cylinder address during settling time (2.5ms), 
(f) Over Cylinder 
Indicates that an illegal cylinder address (823<CYL<895) was specified by the control unit. 


2-3 


2-4 


2.4 OPTIONAL POWER SUPPLY UNIT 


The two types of optional power supply unit are provided with FDU M228X for USA 
and European versions. Refer to Table 1-3-1. 
The front view of the power supply unit is shown in Figure 2-4-1. 
(1) Main line switch (SW1) 
This switch controls application of site AC power to the power supply unit. 
Turning on the switch applies power to fans, disk drive motor and DC power supply. 
(2) Remote/local switch 
This switch controls whether drive can be powered up from the power supply unit 
(Local mode), or the control unit through the FDU M228X (Remote mode). 
In the Local mode, the power is applied to the disk drive when the Main Line Switch 
(SW1) is turned on. 
In the Remote mode, AC power to a fan, +5V DC and +12V DC are supplied to the 
unit by turning on SW1 and then disk drive motor power and +24V DC are supplied 
when Pick/Hold signals from the control unit is grounded. 
(3) Alarm lamp 
Alarm lamp indicates the following power malfunction has occurred on the power 
supply unit or the disk unit. 
(a) +5V DC: Over-current, Over-voltage and Non-voltage 
(b} +12V DC: Over-current and Non-voltage 
(c) +24V DC: Fuse-blown 
(d) AC input: Over-current 
(e) Internal Fan: Thermal-switch 
(f) AC output to disk unit fan: Over-current (European version) 
(g) Disk unit fan: Thermal-switch 


r-VOLT-ADJ— 
ALARM ~12V +12V +5V 


0 ©6@ 
OZ) 


A Bev ain LINE 


SWITCH 
ON 


(F5) (sw) 


OFF 
REMOTE 


“AC FG 
INPUT 


SG FG 


HT Li 


(1) USA Version Power Supply Unit 


VOLT-ADJ 
ALARM -12V +12V +5V 


O ©OM@O 


rINPUTS 
AB 
& 154 4 
INPUT, 
A__B_ _AC-B +24V/-32V waain LINE 
SWITCH 


ON 
(F6) 


OFF 


LO5A-_ 1.3A 712A (SW1) |REMOTE 


LOCAL 
INPUTAC FG CALM 
220V/240V 


(2) European Version Power Supply Unit 


Figure 2-4-1 Optional Power Supply Unit 
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section 3 
Installation 


3. INSTALLATION 
3.1 GENERAL DESCRIPTION 


Unpacking, installation, and cabling of the unit when shipped separately, and 
work precautions when the unit is shipped as a system will be described in this 
section. 


3.2 UNPACKING 


M228xX units are shipped in a double construction carton. (An exterior view of the 
carton is shown in Figure 3-2-1). Store and open the carton on a flat surface. 


CAUTION: When the difference in the storage (or shipping) environment and 
the unpacking environment exceeds 20°C (36°F), the carton should 
be allowed to stand at the unpacking site for more than 3 hours prior 
to unpacking to avoid condensation. 


Move the unit slowly and carefully so that it is not subjected to 
shock. 


The outer carton is held in place with plastic securing clips which allow for reuse 
of the shipping container without damage due to tape or other adhesive materials. 
These plastic clips (4 on the top, 4 on the bottom) are removed by squeezing the 
two vertical pieces in the center. While squeezing, pull out from their retainers. 
The two vertical ribs are part of a hinged piece which when pivoted to a horizontal 
plane, allows for removal of the entire plastic clip. The clip is removed by pulling 
on the side tab. Remove only the 4 clips in the top portion of the outer carton. 
Retain these with the other parts of the shipping carton for future use. 


After removing the securing clips, remove the top portion of the outer carton. 
Next cut the foil liner (if present) and remove the tape from the inner carton. Folc 
back the flaps of this inner carton and remove the cushion material. Open the 
plastic bag and remove the drive by grasping under the subframe. Do NOT use 

the spindle motor, PCB chassis or disk enclosure for leverage in removing the 

drive. 


3.3 VISUAL INSPECTION 
After unpacking the unit, visually inspect it as follows: 
(a) Check for scratches, rust and soiling. 
(b) Check for loose or missing parts and screws. 


(c) Check that the printed circuit boards in the PCB Chassis are mounted in the 
correct position. 


(d) Check that the specified parts, motor lock, spindle lock, and actuator lock are 
securely locked. 
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3.4 INSTALLATION 
3.4.1 Rack Mounting the M228X 


Mounting the M228X in a 19” rack requires the optional front panel assembly 
which includes bayonet slides. 


After the drive has been removed from the packing container and is situated 
in the installation area 


(1) Remove the front panel by loosening the two top spring brackets 


(2) Loosen the slide restraints (and remove the four “L” shipping brackets if 
present.) 


(3) Move the outer two sections of each slide to the rear of the drive and 
remove them by depressing the spring catches. 


(4) Fasten these outer sections of the slides to the cabinet utilizing the 
attached screws and nut bars. 


(5) Position the drive in the outer slide sections and push it back into the 
cabinet until the spring catches engage. 


(6) Proceed to Section 3.4.3. in order to undo the three shipping restraints. 


Dimension A Standard Rack: inside 450mm (17.72") 
outside 482.6mm (19”) 
Dimension B_ USA Standard: 762mm (30") 
European Standard: 751mm 


Fig. 3-4-1 19” Rack mount Installation 
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3.4.2 


3.4.3 


Vertical Mount Installation 

The general installation procedure for a vertically-mounted unit is described 

below. 

(1) Turn the unit over and place it on suitable cushioning material (the cushion- 
ing material on top of the inner carton of the shipping carton is provided for 
this purpose (see Figure 3-2-1)) so that the plastic cover of the disk enclosure 
is at the bottom. At this time, hold the unit by the aluminum casting so that 
excessive force is not applied to the motor and gate section or disk enclosure 
section. Be especially careful that shock and horizontal force are not applied 
to the unit when placing it onto the cushioning material with the plastic cover 
of the disk enclosure at the bottom. Refer to Figure 3-4-3. 

(2) At this time, install the mounting fixture to the unit. 

(Tighten all the mounting screws on the unit from the top.) 

(3) Mount the unit in the cabinet. 

(4) After mounting, release the spindle lock (see paragraph 3.4.3), actuator lock 
(see paragraph 3.4.4) and motor lock (see paragraph 3.4.5). These iocks must 
always be locked when moving the equipment. See paragraph 3.6. (This also 
applies to the 19 inch rack mount installation). 


Mounting fixture position 


(DE plastic cover) 


—— M228X Fixed Disk Unit 


Cushioning material 


(Floor) 


Figure 3-4-3 Mounting Fixture 


Unlocking Spindle 

The spindle is locked with a spindle lock so that it cannot rotate during ship- 
ment. The spindie lock is located at the bottom of the spindle, and locks the 
spindle pulley. When installing the unit, the spindle lock must be released by 
loosening screws A (two screws) shown in Figure 3-4-4. 


After unlocking, the spindle ground brush must be adjusted (see paragraph 6.5.5). 


Spindle pulley (rotate only 


e aa in the direction of the arrow) 


Spindle Grounding Plate 


(a) Spindle Locked 


Screw A (two screws) 


Spindle Ground 
Brush 


Label 


BO30-4420-WO006A 


LOCK 


(b) Spindie Released 


(c) Label 


Figure 3-4-4 Releasing Spindle Lock 


3.4.4 Uniocking the Actuator 
If the actuator rotates when the disk is stopped, the heads and disks may be 
damaged. Therefore, the actuator is locked during shipment. 
After installing the unit, the actuator must be unlocked by rotating the stopper. 
The stopper can be unlocked by turning the knob at the bottom rear of the disk 
enclosure through the hole in the sub frame. 


Actuator Arm 


Linear motor 


Actuator Lock 


(a) Stopper positions 


Lock position 


NO 
4° a no © 
Knob a | 
440 Unlock —— 
position 


(Viewed from bottom of disk enciosure) Knob 


(b) Actuator locked 


ki 
Fig. 3-4-5 Actuator lock (c) Actuator unlocked 
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3.4.5 Unlocking the Motor 


The motor must be locked during shipment to prevent unhooking the belt by 
vibration of the spindle. The motor is locked by pushing the side cover of the 
motor pulley (cover covering the motor pulley section) against the motor pulley. 
The motor is unlocked by loosening the two screws “A” holding the motor cover 
to the rear of the unit and sliding the pulley cover fully to the Left (unlock) posi- 
tion. Then secure screws “A”. (Figure 3-4-6) 


(a) Motor unlocked 


Motor Screws “A” 


Loosen screws '’A"’ and slide the motor cover P b 
Motor cover the entire distance of the oblong holes in the (ac) cable 
OFF direction. 
(b) Motor locked 
Screws “A” 


Push the side of the pulley cover against the bottom 
pulley and tighten screws ‘‘A’’ 


Fig. 3-4-6 Motor lock and release 


3.4.6 50Hz/60Hz Exchange 

Check if the power line frequency is 50Hz or 60Hz, and confirm that the correct 
motor pulley is being used. The correct pulley diameter and belt position (50Hz/ 
60Hz) are given on a label attached to the motor pulley cover (bottom side). The 
large diameter pulley is for 50Hz and the small diameter pulley is for 60Hz. (The 
label is illustrated in Figure 3-4-7.) When the power line frequency and the pulley 
mounted in the unitare different, the motor pulley must be changed and the belt 
tension adjusted as will be described in paragraph 6.5.3. 


Tension Mark 


Fig. 3-4-7 Frequency and pulley position (label) 
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3.5 CABLING 
3.5.1 Power Cable 
The power cable consists of an AC power supply “A” cable and a DC power 
supply “B” cable. The “A” cable supplies power to drive the spindle motor and 
brake, and blower motor, and the “B” cable supplies DC operating power to the 
logic and analog circuits. 


The power cable connections are given in Figure 3-5-1 and Table 3-5-1. 


Power Control 
Cable ca 


Power Cable ‘'B’’ 


Power Cable “A” 


(This figure is referred to when connectors 
are used.) 
Fig. 3-5-1 Power Cables 
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Table 3-5-1 Power Cables 


Pi 
Assignment 


AC-A1 AC Input A1 


anne | mene | come 


AWG 18 White Orange 


AC Input A2 


Plug (AMP) 
1-480708-0 


White — 


AC Input B1 White Orange 


White 


AC Input B2 


FG Green 


ALARM 


Contact (AMP) 
350550-2 


Grey 


ALARM Yellow 


DC+24V Red 


Ov Black 


Ov Plug (AMP) 


1-480710-0 


DC+12V 


OV Contact (AMP) 
350550-1 (3-6P) 


350-55 1-3 (1.2P 


*Note: When AC input is 220V/240V, AC-B input should be nominal AC 100V. 


Table 3-5-2 Power Control Connector (CN1) 
se | weecaor | awone [comer 
AWG 20 


*RDY1 Yellow 


*RDY2 Yellow Plug (AMP) 1-480706-0 


*RDY3 Yellow 


Pick tn Black 


Hold Black 


Pick Out Black Contact (AMP) 350550-7 


Ov Yellow 


Ov Yeliow 


3-11 


The power cable “A” and “B” are furnished with the unit. 


“A" cable is for AC power and “B” cable is for DC power with the power Control 
connector. 


Table 3-5-3 Power Cable List 


“A” Power Cable with connector B660-1055-T017A 
“B” Power Cable with connector B660-1055-T018A 


The cable length shall be specified in 1, 2, 3 and 4m lengths. 
Example: B660-1055-T017A#L3R003 
3.00 x 10? mm = 3.0m 


3.5.2 Connecting with Optional Power Supply 


3.5.2.1 AC Input Select (only for European Version) 
The optional power supply unit for USA version (B14L-0300-0018A) is oper- 
ated under AC 115V nominal, and the power supply unit for European version 
can be operated under AC 220V or AC 240V, however, the latter must be 
selected by the transformer taps inside the unit according to site AC input. 
The setting AC voltage is labelled on the unit. 


AC voltage select procedure is as follows: 

(1) Remove the side cover by loosening five screws as shown in Figure 3-5-2. 
After removal of the cover, the three tap-wires are visible. 

(2) The warning label is stuck the inside of cover. If necessary, the following 
tap terminals must be connected according to site AC input after removing 
the isolation cover and tie-wrap. 

AC 220V Tap 1 and 2 

AC 240V Tap 1 and 3 
(3) After AC input selection, isolate the terminal and tie-wrap them. 
(4) Fix the side cover by fastening the five screws. 


Front 
eer (connector side) 


Five screws 


(} 
\e 


Figure 3-5-2 AC Input Select 


3.5.2.2 +24V DC Select 


The optional power supply unit can output +24V DC or—32V DC, however, 
the FDU M228xX can be operated only with +24V DC. 


Confirm that the +24V DC is selected by switch on the rear side as shown in 
Figure 3-5-3. 


© 

stm +24V 
mi . 
4) 


Figure 3-5-3 +24V DC Select 


3.5.2.3 Power Cable Connection 
The FDU M228X provides three power cables, AC cable, DC cable and 
Power Control cable. AC power connector (12P) is connected to PW1, DC 


power connector (15P) to PW2, and Power Control connector (9P) to CN18 
respectively as shown in Figure 3-5-4. 


BO3P - 4580 - 0100A...C 3-13 


AC Power 


-VOLT-ADJ— 
ALARM —-12V +12V +5V 


or 


@ex 
(2) Asa 


©): ©) 
|_| 


Power Control 


ON 
(FAR (F3)}] (sw) 


Lo5A- 10A “@. 


= BEEEOOEK: LOCAL 
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OFF 
COSA __1.3A_ 12A_ (SW1) 


INPUT AC FG “ALM 
220V /240V 


AC 220V 
or 
AC 240V 


Figure 3-5-4 Power Cable Connection 


3.5.2.4 DC Voltage Adjustment 
After connecting the power cables between FDU M228X and a power supply 
unit, adjust the each DC voltage on TRM2 terminal to +5V and +12V by speci- 
fied potentiometers. 
3.5.3 Interface Cabling 
The interface cabling consists of two cables, “A” and “B”. Usually, cable “A” is 
connected to OM2 and cable “B” is connected to OM3 as shown in Figure 3-5-5. 
A Line Terminator is connected to OM1; however, in the daisy chain config- 
uration, cable “A” is connected from OM2 to OM1 of the other unit and the 
Line Terminator is connected to OM1 of the last unit. Refer to Figure 3-5-6. 


The grounding wire of the Line Terminator must be connected to a signal ground 
TRM1-2, 


PCB Chassis 


Grounding Wire of Line- 
terminator 


“A" Cable “B" Cable DC Power 


Fig. 3-5-5 Interface Cabling 
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System 
Ground Control! Unit 


A 


OM2 OM1 


Unit 0 i Unit 7 


Star-Cabled Configuration 


System 
Ground Control! Unit 


OM2 OM1 OM3 OM2 OM1 OM3 


Unit 0 


Daisy-Chain-Cabled Configuration 


Figure 3-5-6 System Interface Cabling 


3.5.4 System Grounding 
(1) The frame ground (FG) and signal ground (SG) within FDU are 
separated. If FG and SG connection is required on the system, connect 
the grounding cable as shown in Figure 3-5-7, or if system ground is 
required between the system and FDU, connect the ground conductor 
to the GND terminal. 


FG/SG connection (cable is not provided) 


CF 
GHG @ 
a 
NI System ground terminal 


(TRM1) 


Figure 3-5-7 Ground terminal on the unit 


(2) The FG and SG terminals are provided with the optional power supply unit 
as shown in Figure 3-5-4. Connecting or disconnecting between FG and SG 
on the power supply unit can be performed according to system power 
distribution and system ground requirement. 
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(3) When the interface cable is longer than 3m (10 feet), an auxiliary grounding 
cable should be connected among the control unit and disk units. 


Control 
Unit 


System Ground 


Grounding Cable 


Figure 3-5-8 System Grounding 


3.5.5 Mode Select Setting 
When the FDU M228xX is installed to the system, the customer must set the fol- 
lowing modes according to system requirements, that is, Disk Logical Unit Num- 
ber, Tag 4/5 Enable and Sector Mode on CMKM PCB assembly, Sector Counting 
on VOFM PCB assembly, and Mount Direction on the PCB Chassis (GBGM PCB) 
assembly. 
3.5.5.1 Disk Addressing 
Disk Logical Unit Number 0 to 7 is selectable on SW1 at location J1 on the 
CMKM PCB assembly. Set the desired disk address with three keys on SW1 
using binary code as shown in Table 3-5-4. 


Table 3-5-4 Disk Addressing 


J1 (CMKM) 
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3.5.5.2 Sector Mode 
The customer can select Hard Sector mode (1 to 128 sectors) or Variable Soft 


Sector using Key 7 on SW2 at location P3 on the CMKM PCB assembly accord- 
ing to Table 3-5-5. 

In the case of Hard Sector, the customer must set the number of sectors per 
disk revolution as described in 3.5.5.4. 

In the case of Variable Soft Sector, setting the number of sectors per disk re- 
volution has no effect. 


Table 3-5-5 Sector Mode 


Variable Soft Sector 


Sw2 


P3 (CMKM) 


3.5.5.3 Tag 4/5 Enable 
FDU M228xX provides optional Tag4 and Tag5 functions, however, the customer 


may disable or enable these functions using Key 8 on SW2 at location P3 on 
the CMKM PCB assembly. Disabling the Tag4/5 functions inhibits the receivers 


of Tag4 and Tag5 on the interface. 


Table 3-5-6 Tag 4/5 Enable 


Tag 4/5 


Disable 
Enable 


8} Keys 


P3 (CMKM) 


3.5.5.4 Sector Counting 
Sector count configuration switches, SW1 and SW2, are located at L2 and L1 


respectively on the VOFM PCB assembly. Each key of SW1 and SW2 represents 
the binary powers of the Byte Clock as shown in Table 3-5-7. 
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Table 3-5-7 Sector Counting Keys 


SW1 Key No. Value SW2 Key No. Value 


SW1 and SW2 keys must be set according to the number of bytes per sector. 
Knowing that the number of bytes possible on a track equals 20,480, any 
sectoring requirement from 1 to 128 sectors per track can be configured using 
the following formula: 


EXAMPLE 


(Calculations for 9 Sectors) 


(1) _ 20,480 = Number of Bytes 20,480 . 2,275,555 
Number of sectors per sector 9 
(2) If the above calculation results in a remainder, 
truncate the remainder and add one to the 
integer portion of “number of bytes per sector” 2,275+1= 2,276 
(3) Configure SW1 and SW2 to “number of bytes 
per sector” less one to allow for Sector Counter 
Reset Clock. 2,276 - 1=2,275 


2,275 = 2,048 + 128+ 64+32+2+1 


Key # 5 1 7 6 2°41 
_ | 
SW2 SW 
(4) To determine how many bytes (if any) 
the last sector of each track will be short, . 
multiply “number of bytes per sector” by 
“number of sectors” and subtract 20,480. 2,276 x 9 = 20,484 


- 20,480 


Last sector short 4 bytes 


Table 3-5-8 Commonly Used Sector Configurations 


pecicieel Se e 
4 141141141 


1234567 BYTE/SECT 
1 1:0 


1 


LAST SECTOR 
SHORT 
0 


Oo 1 


3.5.5.5 Mount Direction Select 
When the unit without the optional front panel is installed vertically, V-H 
switch on the PCB chassis (GBGM PCB assembly) should be set to the “V” 
poisiton. 


In the other case, V-H switch should be set to the “H” position. Refer to 
Figure 3-5-9. 


H[eoely 
OOO0O0000 


H Ko Horizontal 
TO VIVEY Vv Vertical 


Figure 3-5-9 Mount Direction (V-H Switch) 
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3.6 SHIPPING 


Perform the following operations when the unit is to be shipped after mounting with 
a system: 
(a) Lock the spindle (refer to 3.4.3) 


Caution: Rotate spindle in the direction indicated only 


(b) Lock the actuator (refer to 3.4.4) 

(c) Lock the motor (refer to 3.4.5) 

(d) Fasten the unit; attach the vertical type mounting bracket to the cabinet so that 
excessive force is not aplied to the rubber shock isolators. Process so that shock 
exceeding 5G is not applied to the unit during shipment. 

When the unit is shipped by itself, the same operations (a to c) are required before 
packing into the proper carton. 


3.7 STORAGE AND REPACKING 


The FDU M228xX shipping carton is a reusable cardboard carton having a special double 
construction. When reshipping the unit, repack it in the ofiginal carton or a carton 
having equivalent functions. 


When the environment is severe and the unit is to be stored for an extended period of 
time, it should be stored in the packed state. 


Units can be stacked three cartons high. 


When storing unpacked units, avoid dusty locations and locations where the environ- 
mental changes are extreme. 


BO3P-4580-0100A...B 


section 4 
Theory of Operation 


4. THEORY OF OPERATION 


4.1 GENERAL DESCRIPTION 
The description of operation of the Fixed Disk Unit is divided into three parts. The first 
part describes the main assemblies of the unit. The second part describes the magnetic 
heads and magnetic disks. The third, and last part describes the interface, servo circuit, 
R/W control, and other electronic controls. 
4.2 ASSEMBLIES 
4.2.1 Disk Enclosure (DE) 
The Disk Enclosure is a completely sealed unit containing the disks, spindle, ac- 
tuator, and heads. Each of these are visible from the outside through a plastic 
cover. The DE is sealed at the factory and must not be opened in the field. 
The DE is treated as one maintenance part. 


The Read/Write PCB is mounted on the DE, but is an independent part. 


R/W Heads 


Actuator 


R/W PCB Chassis 


Linear Motor 


Disk Enclosure 


Figure 4-2-1 Disk Enclosure 
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4.2.2 Spindle Assembly 
The disk spindle is mounted in the DE housing in the bottom of the disk enclo- 
sure. The housing is sealed to prevent air from entering through the bearings. A 
hub is attached to the top of the spindle, and disks (recording media) are clamped 
to the hub. A pulley is attached to the bottom of the spindle and is driven by 
the spindle drive motor with a flat belt. The spindle is grounded through a Spin- 
dle Brush mounted on the Grounding Plate. 


Disks Hub Spindle 


(SSS AAAI 


=, 


: Spindle locking arm 
Spindle pulley (Grounding Plate) 


Figure 4-2-2 Spindle Assembly 


4.2.3 Spindle Drive Motor and Brake 
As this fixed-disk unit uses contact start/stop heads, the head-disk contact time 
must be minimized during rotation. Therefore, the disk drive system uses a 
thermally protected high torque motor for quick acceleration to nominal rota- 
tional speed and a brake for quick stopping. 


Should overheating occur, the AC power to the motor is automatically discon- 
nected and the rotational speed is gradually decreased. In this case the alarm 
signal is not sent to the power unit. When the temperature drops to an accept- 
able level, the motor will recover to nominal speed. 


A flat belt connects the spindle drive motor to the spindle. 


The motor is mounted so as to pivot, and sufficient tension is supplied to the 
belt by pulling the motor with a spring. 


A brake is mounted at the top of the motor. This brake is actuated when the DC 
+24V is turned off. When the current at the brake coil is turned off, the brake 
pad is pushed to the brake plate by a spring and stops the motor. 


4.2.4 


4.2.5 


Drive motor 


Fig. 4-2-3 Disk Spindle Motor and Brake 


Actuator Arm Assembly 

A rotary type actuator with low power consumption and low heat dissipation is 
used to move the data heads and servo head to the specified cylinder along a cir- 
cular arc. 


A moving coil is attached to the other end of the actuator arm and moves freely 
between fixed permanent magnets without contact. When current is applied to 
the coil, interaction occurs between the coil and magnets and the actuator moves 
around the pivot. 


The actuator performs the following types of motion, which are controlled by 
servo feedback current from the servo head: 
(1) Positioning 
Heads are moved to the specified cylinder address. 
(2) Track Following 
Heads follow the specified track to prevent mispositioning from disturbances 
such as shock, vibration, or temperature change. 
The servo head is located on the lower surface of the bottom disk. Servo data is 
written on the outer recording area of this disk. 


This data is used as a control signal for the actuator, that is, it is used as a track 
crossing signal for positioning or as a track following signal. 


The heads are in contact with the disk surfaces during start and stop (C.S.S.) at 
a fixed position called the landing zone. This zone is outside the recording zone 
area. A magnet is used to pull or fix the actuator at this position. If no current is 
applied to the moving coil, the heads are fixed at the landing zone to prevent 
C.S.S. in the recording zones. 


Once the disks attain the required rotational speed, an initial seek instruction is 
issued. Current then flows in the coil and the heads are released from the landing 
zone and moved to the recording zones. 


Actuator Lock, Spindle Lock 

When the disks are stopped, the heads are in contact with the disks. The spindle 
and actuator are fixed with both the spindle lock and actuator lock for disk and 
head protection during maintenance, replacement, and transportation of the DE. 
(See Figures 3-4-4 and 3-4-5.) 
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Figure 4-2-4 Actuator Arm Assembly 


4.2.6 Air Circulation in DE 
As the C.S.S. head used in this disk unit has a very low flying height (approxi- 
mately 0.45um) head crashes could be caused by microscopic foreign particles. 
To keep the inside of the DE clean, this enclosure is completely sealed and clean 
air is supplied through two filters. One filter is used for external air intake, while 
another filter is used as a re-circulation filter to keep the air inside the DE clean. 


The breather filter is used for the following purposes: 

(a) Prevention of negative pressure in the vicinity of the spindle when the disk 
begins to rotate. 

(b) Prevention of dust intake when the air in the DE contracts due to a tempera- 
ture difference between the DE and its environment. 


The re-circulation filter, attached to the closed loop duct in the DE, is used to 
keep the air free of foreign particles. When a pressure difference is caused in the 
DE by the rotation of the spindle, the air in the DE circulates through the closed 
loop. Because it continually passes through this filter, the air is always kept clean. 


These two filters can remove 99.97% of the dust particles (0.3 um min.). 


Rotary 
Disks Plastic cover actuator 
Spindle 


ee || 


| WN 


Air inlet \ U] Re-circulation filter 
(absolute) 


Read/Write 
PCB Case 


Closed loop 
air circulation 


Breather filter 
(absolute) 
M2282 contains two disks in DE. 
M2280 contains two disks in DE. 
M2283 contains three disks in DE. 
M2284 contains three disks in DE as shown in this figure. 


Figure 4-2-5 Air Circulation inside DE 


4.2.7 Sub-frame 
The sub-frame is supported by four vibration isolating rubber supports (three 
rubber supports for the vertical type). The disk enclosure is mounted on this 
sub-frame with three bolts and nuts. The DE can be easily replaced by removing 
these three nuts. 


The DE is insulated from the sub-frame to prevent any influence from noise and 
vibration. 


The sub-frame contains a duct to supply air from the cooling blower to the R/W 
PCB and the control PCB's. 
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Drive motor 


Holes for DE 
mounting 


Sub-frame 


Cooling blower 


Figure 4-2-6 Sub Frame 


4.2.8 Cooling 
A cooling blower provides air to cool the printed circuit boards and motor. Cool 


air is always supplied from the front to the inside by this blower. 

The air is sent through the duct in the sub-frame and divided into two channels. 
One cools the read/write printed-curcuit board, and the other cools the printed- 
circuit boards in the chassis, and then the motor. 


; Spindle Motor 
Air exhaust 


R/W PCB Chassis 


Control PCB 
Chassis 


Front panel 
assembly (option) 


Sub frame 


Air intake 


Figure 4-2-7 Cooling 
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4.3 MAGNETIC HEADS AND RECORDING MEDIA 


4.3.1 Magnetic Heads 
To accomplish high density recording, CONTACT START/STOP (C.S.S.) flying 
heads are employed. The heads fly on the surface air flow generated by the 
rotating disk. The C.S.S. system differs from the conventional rampl load system 
in that the heads are always over the recording media and rest on the disk 
surface when the disk is not rotating. 


Therefore, the head and disk make contact, and the wear caused by this contact 
must be minimized. For thus reason, the C.S.S. type head is lightly loaded and 
the surface pressure is reduced by using a tapered flat slider such as that shown 
in Figure 4-3-2. The slider has 3 rails. The air intake end of the slider is tapered 
to obtain flying force by means of the air flow over the disk surface. Reads and 
writes are performed by a ferrite core at the rear of the head, the minimum fly- 
ing height position. 


There are two kinds of magnetic heads: access heads and fixed heads. These heads 
have the same construction but the access head has only one ferrite core whereas 
the fixed head has three ferrite cores. 


Read/Write gap 


Slider 


Load spring 


Disk motion gs a 


Figure 4-3-1 Read/Write Head 
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Air flow 


“4 


Air bearing taper 


Air bearing flat 


Read/Write 
track width 
Read/Write gap 
Ferrite core 
Rail bevel 


Coil 


Suspention attachment notch 


Ferrite slider 


Back gap 
Figure 4-3-2 Tapered Flat Slider 


To protect the data, the access head always performs C.S.S. in the landing zone. 
However, the fixed head performs C.S.S. over the data tracks becuase of its con- 
struction. 
4.3.2 Recording Media (Magnetic Disk) 

A magnetic disk is an aluminum disk approximately 356 mm (14 inches) in 
diameter and approximately 2mm (75mil) thick coated with a magnetic material 
and is used to record data. Since this unit employs CONTACT START/STOP 
type heads, to prevent wear, the surface is coated with a special material. Up to 
three disks can be installed for a maximum storage capacity of 168.5MB. The 
outer portion, bottom surface of the lowest disk is for the servo area on which 


the positioning data and clock signals are recorded, and the inner portion is 
for the fixed head data. 


4.3.3 Servo Track Format 
4.3.3.1 Servo track configuration 


The servo area is used to store the unique data patterns to generate the Track 
Positioning, Index, Guard Band and Clock signals. This data is prerecorded on 
the disk before the unit is shipped from the factory. 
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Figure 4-3-3 Servo Track Configuration Cylinder 0 Cylinder 822 


The servo area consists ot a combination of ODD tracks and EVEN tracks, and 
is divided into the following four parts: 
(a) Inner Guard Band 2 (IGB2 or Landing Zone) 
This zone is used for head contact during stop and start. 
1GB2 consists of 39 EVEN servo tracks and 39 ODD servo tracks. 
(b) Inner Guard Band 1 (!GB1) 
This area is located between IGB2 and cylinder zero. 1GB1 consists of 11 
EVEN and ODD servo tracks. 
(c) Servo Band 
This field is used for tracking to determine the center of each cylinder. ODD 
and EVEN servo signals are recorded on this 823 track area. 
(d) Outer Guard Band (OGB) 
Only EVEN servo signals are recorded in this 62 track area. 


The physical placement of Servo Bands is shown in Figure 4-3-3. 


4.3.3.2 Servo Pattern 

The servo signal is a “composite signal.” It is used to provide angular position- 
ing (location with reference to the circumference of the disk) and radial 
positioning (location with reference to the radius of the disk) information. 
Angular positioning is determined by a series of index bits which are written on 
each track. Through a combination of missing and normal index bits a “code 
pattern” is developed. A series of unique sync patterns is written (see Figure 
4-3-4) at the factory and use in the identification of specific disk regions. For 
example, Index Mark, OGB, IGB1 and IGB2 each have unique patterns as 
described in section 4.3.3.3. 


Radial positioning information is provided by writing alternately odd and even 
bit patterns on each track. When the servo head is over an even bit track, the 
even bit signal is higher in amplitude than the odd bit signal. The opposite is 
true when the head is over an odd bit track. When the head is over the border 
of the two tracks, the odd and even bit signals are of equal amplitude. This 
condition means that a read/write head is directly over a data track. By detect- 
ing the odd and even bit signal amplitude changes, the drive is able to generate 
signals to indicate track crossing and on-track conditions. 
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(a) ODD Servo Signal 


ODD Bits Index Bit 


Sync Bit 
/ , a 


EVEN Bits Index Bit 


Sync Bit 


Figure 4-3-4 Servo Signals 


On-track status, the servo head is positioned between an ODD track and an 
EVEN track, as shown in Figure 4-3-5, 


ODD Bits EVEN Bits Index Bit 


/ Syne Bit 


T = 4 Bytes (3.95ps) 


= re | es i el ae ee 77) servo 
it~. F i] fT if 


Missing Index Bits 
Sync Bit 


Figure 4-3-5 On-Track Servo Signal 
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4.3.3.3 Index, IGB2, IGB1 and OGB 
Index, 1GB2, |GB1 and OGB are detected by decoding the combination of 
Missing-bits and Normal-bits. Each of the patterns are shown in Table 4-3-1. 


Table 4-3-1 Index/IGB2/1GB1/OGB Patterns 


Note: 0: Normal Bit 
1: Missing Bit 


4.3.4 Data Surface Format 

The data surface consists of all the disk surfaces except the servo surface and is 

composed of three basic parts. 

(1) Landing Zone (LZ) 
The Landing Zone is included in the area described as behind home (BH) but 
is specifically the area the heads contact during Stop and Start. The Landing 
Zone corresponds to 1GB2 on the servo surface, 

(2) Behind Home (BH) 
Behind Home is the transition area both sides of the data tracks and corre- 
sponds to |GB1 or OGB on the servo surface. 

(3) Data Track 
The data track area consists of 823 cylinders for data recording, with cylinder 
0 being the innermost track and cylinder 822 being the outermost track, 


4.3.5 Head and Surface Configuration 
(1) M2282, M2286 (67.4MB) 


Wii ee ee ee eee 


Data Head 2 Data Head 3 


Data Head 0 Data Head 1 


es SAveT ae 


Servo Head 


Optional Fixed-head Area 


Spindle 
Hub 


Figure 4-3-6 Head and Surface Configuration, Sheet 1 of 2 
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(2) M2280, M2289 (84.2MB) 


Data Head 4 


Ree ee I ee 


Data Head 2 Data Head 3 


Data Head 0 Data Head 1 


IGB2 1GB1 SERVO TRACKS 


Servo Head 


Spindle Optional Fixed-head Area 


Hub 


(3) M2283, M2287 (134.8MB) 


Data Head 6 Data Head 7 


Data Head 4 Data Head 5 


LZ BH DATA TRACKS BH LZ BH DATA TRACKS BH 


Data Head 2 Data Head 3 


Data Head 0 Data Head 1 


IGB2 {GB1 SERVO TRACKS 


Servo Head 


Optional Fixed-head Area 


Spindle 
Hub 
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(4) M2284, M2288 (168.5MB) 


Data Head 8 Data Head 9 


Data Head 6 Data Head 7 
Data Head 4 Data Head 5 


Data Head 2 Data Head 3 


Data Head 0 Data Head 1 


IGB2 IGB1 SERVO TRACKS 


Optional Fixed-head Area Servo Head 


Hub 
Figure 4-3-6 Head and Surface Configuration, Sheet 2 of 2 


4.4 FORMAT 
4.4.1 Description 
A “sector” is an area assigned an address on the disk. Each sector consists of an 
Address Area (AA) to confirm that the correct sector has been read and a Data 
Area (DA) on which the actual data is recorded. 


Index and sector pulses are used by the controller to find the beginning of the 
track and sector. Sector format is determined by the controller. Fixed Sector for- 
mat or Variable Sector format can be used with this unit. 


The recommended Fixed Sector format and Variable Sector format will be de- 
scribed in this section. 


4.4.2 Fixed Sector Format 


Index/Sector Sector/Index 


N Identical Sectors 


Sync 
Pattern 
1B 


Address 
Area 
8B 


Data Area 
N Bytes 


Flag Status 
and 
Logical Unit 


Lower 
Cylinder 


Upper 
Cylinder 
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Example: 64 Sectors/ Track 
Total Bytes/ Track 


Data Area = —————~— - (Gap _ Ioss + Check Byt 
ata Area Satori Tisek (Gap loss + Check Bytes) 
20480 
=——— - 64 = 256 Bytes/Sector 
64 
256 x 64 
k Effici =——— _ x 100 = 
Trac iciency 70480 x 100 = 80% 


Notes: 1) This format is an example only and may be structured to suit individu- 

al requirements. 

2) Sync Byte patterns for address and data areas may be different. It is 
recommended that Sync Byte patterns are OE (Hex) 
for address areas and 09(Hex) for data areas. 

3) Data patterns for Gap 1, VFO sync, Write Splice, EOR Pad and Gap 3 
are all “0”. 

4) Fixed sectors per track may be any number from 1 through 128 and 
can be selected by setting the configurator switches on the PCB gate 
card. 


4.4.3 Variable Sector Format 


N Identical Sectors Index 
Index | 
Gap 2 


4-16 


VFO Address Write VFO Sync Data EOR 
ern aise oe Sync ps Splice Sync Pattern .Area ee Pad aed py 
11B 1B 13B 1B NB 1B 


=a ees 


rie ae 

Sync Upper Lower 

Pattern Cylinder Cylinder red Sector CRC CRC 
fen Unit 


Total k - Index Los: 
Data Area = ee ee Bytes dene = (Sync + Address Area) 
Sectors/Track 


Example 1: 64 Sectors/Track 


20480 - 26 
Data Area: 2 64 - 41 = 278 Bytes/Sector 
278 x 64 
ici = = 87% 
Track Efficiency 20480 x 100 = 87% 


Example 2: 256 Bytes/Sector 


20480 - 26 
Sector Count = ORB E41 B44 = 68 Sectors/Track 
Tike Eigse Sn ee 
rac iciency 20480 6 


Note: This format ia an example only and may be structured to suit invididual 
requirements. 
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4.4.4 Description of Format Parameters 


4.4.4.1 Fixed Sector Format 
(1) Gap 1 
This gap allows for displacement of the head and circuit tolerances under 
worst case conditions. This gap must be a minimum of 16 bytes long. 
(2) VFO Sync 
All “O”’s are written and used to synchronize the data from the disk and 
the read/write clock from the disk VFO circuits. 
(3) Sync Pattern 
This pattern represents the start of the address area. The sync pattern is 
the same as that before the data area, but the address area sync and data 
area sync byte may be different. The recommended pattern is “OE(Hex)”’- 
(4) Flag Status and Logical Unit 
This indicates the status of the disk on the sector. Normal record, primary 
record, or secondary record condition may be indicated. This specification 
is a function of the control unit. 
(5) Upper Cylinder, Lower Cylinder 
This indicates the cylinder address of the track. 
(6) Head Address 
This indicates the head address of the track. 
(7) Sector Address 
This indicates the sector address of the track. 
(8} CRC (Cyclic Redundancy Check) 
This is a check byte used to check whether the data was read correctly. 
(9) Write Splice 
When the address and data areas are written separately, this is the location 
of the read/write head transitions. 
(10) VFO Sync 
All “0”'s are written and used to synchronize the data from the disk and 
the read/write clock from the disk VFO circuits. 
(11) Sync Pattern 
Indicates the beginning of the data area. The recommended pattern is 
“09(Hex)”. Refer to (3). 
(12) Data Area 
The data is actually recorded at this area. 
(13) CRC 
Check byte to insure the data area information has been read correctly. 
Same as (8). 
(14) EOR Pad 
This eliminates the possibility of destroying the end of a record written with 
a late displacement head. 
(15) Gap 3 
This is the delay allowance for the control unit. It should be written all 
“0"'s. 
4.4.4.2 Variable Sector Format 
This is written in the Variable Sector Mode. Address Mark (AM) is written, 
prior to an Address Area, to indicate the beginning of a sector, and the data 
may be written in whatever length necessary to accommodate the system. The 
Address Mark (AM) is a 3 byte DC erase area at the beginning of the sector 
format. 
4.5 INTERFACE 
4.5.1 Introduction 
4.5.1.1 Purpose 
This section describes the logical and physical specifications for signal transfer 
within the interface between a Fixed Disk Unit (FDU) and the control unit. 
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4.5.1.2 Application 

These specifications are applicable to the following models: 
(a) FDU models M2282 and M2286 of 67.4MB storage 

M2282 has no fixed head storage. 

M2286 has 655KB of fixed head storage (option). 
(b) FDU models M2280 and M2289 of 84.2MB storage 

M2280 has no fixed head storage. 

M2289 has 655KB of fixed head storage (option). 
(c) FDU models M2283 and M2287 of 134.8MB storage 

M2283 has no fixed head storage. 

M2287 has 655KB of fixed head storage (option). 
(d) FDU models M2284 and M2288 of 168.5MB storage 

M2284 has no fixed head storage. 

M2288 has 655KB of fixed head storage (option). 

4.5.1.3 Connection 

The external connection (for transmitting and/or receiving interface signals for 
the unit) consists of two connectors, “A” and “B”, which are connected, respec- 
tively, to cables “A” and “B”. “A” cables may be connected in a daisy-chain 
configuration. Therefore, a line terminator must be inserted into the “A” con- 
nector of the last device. “B” cables are connected in a star configuration. 
Therefore, the control unit requires “B” cables and connectors to match the 
number of units to be connected. 


4.5.1.4 Time Specification 
Timings are specified at the connector position of the unit. Accordingly, it is 
necessary for signal timings to consider both the delay time of the interface 
cable and the circuits of the disk control unit. 

4.5.1.5 Interface Transmitter/Receiver 
Transmitters and receivers of SN75110 and SN75107 or equivalent are used 


to provide a terminated, balanced-line transmission system. Refer to Section 
4.5.7.1. 


4.5.2 Interface Cabling 


Pd bet 
ONS ni 


OM2 OM1 OM3 OM2 OM1 OM3 0. OM2 OM3 


; Unit N 
Unit 0 Unit 1 Unit 2 (Max. = 7) 


Star Cable Configuration 
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Control Unit 


OM2 OMt1 OM3 


UnitO Unit 1 ake 


Daisy-Chain Cable Configuration 


Notes: 1) Line terminators (LTN) are required on the control unit and each unit in a star cable 
configuration. 


2) Line terminators are required on the control unit and fast drive in a daisy-chain cable 
configuration. 


Figure 4-5-1 Interface Cabling 


4.5.3 Type and Name of Signal Lines 
4.5.3.1 “A” — Cable Lines for Balanced Transmission 


Control Unit Disk Unit 


(2) Unit Select Tag (H/L) 


Status 0 to 5 (H/L) (12) 


(6) Unit Select 1,2, 4 (H/L) 
Index (H/L) (2) 
(10) Tag 1 to 5 (H/L) 
Sector (H/L) (2) 
(20) Bus 0 to 9 (H/L) 
(2) Channel Ready (H/L) 
(2) Pick/Hold 


42 Lines 16 Lines 
Total: 58 Lines 
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4.5.3.2 “B” — Cable Lines for Balanced-line Transmission 


Control Unit Disk Unit 


1F Write Clock (H/L) (2) 

Read Data (H/L) (2) 

Write Data (H/L) 1F Read Clock (H/L) (2) 
Index (H/L) (2) 

Write Clock (H/L) Sector (H/L) (2) 
Unit Selected (H/L) (2) 

Seek End (H/L) (2) 


4 lines 14 lines 


Total: 18 lines 


4.5.4 Description of Signal Lines 
4.5.4.1 “A” — Cable Input Signal 


(1) Unit Select Tag 
This signal gates Unit Select 1, 2 and 4 to select the desired disk. Refer to 
timing of Unit Select 1, 2 and 4 (Figure 4-5-5). 
(2) Unit Select 1, 2 and 4 
These three signals are binary-coded to select the desired disk and are 
validated by the leading edge of Unit Select Tag. The logical disk number 
(O through 7) is selectable by means of a switch located on the PCB card. 
(3) Tag 1 to 3 and Bus 0 to9 


Table 4-5-1 Tag/Bus Lines 


Tas 
Grinder Adrom | _Howd Addrom | Gonwol Seect 


Eos! 
ae 


6 64 
7 128 
8 256 
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(3)-1 Storage Addressing of M2280 to M2289 
Each area of Fixed Head Address and the Access Head Address is speci- 
fied as follows: (Storage capacity shown is unformatted) 
(a) FDU Model M2282 and M2286 


Cylinder 


0 


807 —__ 822 896 —__. 899 


Recommended 
Spare Area 


67.4MB Moving 


Head Area 655KB Fixed Head Area 


(Eight fixed heads addressable 
per cylinder 896-899) 


Figure 4-5-2 Storage Addressing M2282/M2286 


(b) FDU Model M2280 and M2289 


Cylinder 


Recommended 
Spare Area 


84.2MB 


655KB Fixed Head Area 
(Eight fixed heads addressable 
for cylinder 896-899) 
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(c) FDU Model M2283 and M2287 


Cylinder 


Q————————+ 807 ——+ 822 


Head 0 


NOOB WN 


Recommended 
Spare Area 
, 655KB Fixed Head Area 
134.8 Moving (Eight fixed heads addressable 
Head Area for cylinder 896-899) 


Figure 4-5-3 Storage Addressing M2283/M2287 


(d) FDU Model M2284 and M2288 


Cylinder 
Q ————-—_—> 807 —— 822 896 ——_—. 899 


Head 0 


oOmnr oanoartrwonr - 


Recommended 655KB Fixed Head Area 
Spare Area (Eight fixed heads addressable 
168.5MB Moving for cylinder 896 to 899) 


Head Area 


Figure 4-5-4 Storage Addressing M2284/M2288 
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(3)-2 Models M2286, M2289, M2287 and M2288 have fixed head capacities 
of 655KB which is addressed in (3)-1 above. The fixed head area will be 
addressed by a cylinder address specified greater than or equal to 896 
(going true of Tag 1, Bus 7, Bus 8 and Bus 9). 


The access head area and fixed head area can be distinguished by this bit 
assignment. Since the fixed area can be utilized with the access head 
area, the optimum address arrangement on the system can be easily con- 
structed to minimize access times. 
(4) Cylinder Address (Tag 1) 
The cylinder address is set by Tag 1 and bus lines (Bus 0 to 9) on the unit. 
However, throughout Tag 1, the bus lines must be stable. Refer to Figure 
4-5-6. 
The unit must be On Cylinder prior to Tag 1. When the bus content is equal 
to or more than 896, the Fixed Head area is specified. When the Fixed 
Head area is specified, no physical movement of the heads is performed in 
the unit. 
(5) Head Address (Tag 2) 
The head address is set by Tag 2 and Bus 0 to 3 on the unit; however, 
throughout Tag 2, Bus 0 to 3 must be stable. Refer to Figure 4-5-9, and to 
(3)-1 above concerning the Fixed Head Area. 
(6) Control Select 
Bus lines O to 9 specified by Tag 3 have a different meaning in each bit. All 
signals are defined as control signals. 
(6)-1 Write Gate (Bus 0) 
This signal enables the write operation on the specified track. This signal 
is validated under the following conditions: 


Unit Ready True 


On Cylinder True 


Seek Error False 


—_}— 
Device Check False 


Channel Ready True 


File Protect False 
r 
Offset False 


If Write Gate is turned on in cases other than the above-mentioned con- 
ditions, Device Check occurs and writing is inhibited. Refer to the 
definition of a Device Check. 
(6)-2 Read Gate (Bus 1) 
This signal is used to recover data from the specified track. Refer to the 
timing of Read Gate, Read Data and 1F Read Clock in Figure 4-5-15. 
(6)-3 Servo Offset Plus (Bus 2) 
When this signal is true on the unit, the head is offset 3.0 um from nomi- 
nal On Cylinder position away from the spindle. 
(6)-4 Servo Offset Minus (Bus 3) 
When this signal is true on the unit, the head is offset 3.0 um from nomi- 
nal On Cylinder position towards the spindle. 
(6)-5 Device Check Clear (Bus 4) 
This signal clears the device check status; however, if sources of a device 
check still exist (refer to Device Check), this status is not cleared. 
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(6)-6 AM Enable (Bus 5) 
The AM (Address Mark) Enable, in conjunction with Write Gate or Read 
Gate, is used in a variable sector format. When AM Enable is true while 
Write Gate is true, an AM of 3-bytes is written on the desired track. 


When AM Enable is true while Read Gate is true, the disk read circuit 
searches an AM of 3-bytes. When the AM is found, the unit will issue 
Address Mark Found signal to the control unit. 
(6)-7 RTZ (Return to Zero) (Bus 6) 
No matter where the access heads are located on the media, they are re- 
turned to cylinder zero and head zero by the RTZ signal, also the RTZ 
signal is available in the fixed head area and resets Fixed Head Select 
latch. This signal clears the Seek Error flip-flop. 
(7) Channel Ready 
This signal is used to prevent damage to the file caused by interface dis- 
turbances when the control unit power is lost. Therefore, this signal must 
be stable when the control unit is available, and must be disabled before 
logic levels decay at the interface lines when a power failure of the control 
unit occurs. Refer to Figure 4-5-16. 
(8) Tag 4 and Tag 5 (Selectable) 
When Tag 4 goes true, the unit issues Sector Address Status signals on the 
Status 0 to 5 lines. 


When Tag 5 goes true, the unit issues Device Check Status signals on the 
Status 0 to 5 lines. 


When both Tag 4 and Tag 5 are true, the Device Type Code will be issued 
in BCD on the Status 0 to 5 lines. See Table 4-5-2. 

(9) Pick and Hold 
Power Sequencing requires that the mode switch on the power supply unit 
be set to Remote. 


When the control unit sets the Pick and Hold lines to ground, the first FDU 
starts up the power sequence. Once this FDU has reached nominal speed, 
the Pick signal is transferred to the next FDU, and repeated until all FDU’s 
are powered up. When the mode switch on the power supply is set to Local, 
each FDU must be powered up manually. 
4.5.4.2 A — Cable Output Signals 
(1) Status 0 to 5 

The status 0 to 5 lines display status information determined by combina- 
tions of Tag 4 and Tag 5 signals. Information available on status lines 0 to 5 
during various status of Tag 4 and 5 is specified in Table 4-5-2. 


Table 4-5-2 Status Lines Determined by Tag4/5 


Tear Warsow | Sewaaeen | onan | Oo 


Unit Ready Sector Address 1 


On Cylinder 


Seek Error 


Device Check 


File Protected 


AM Found 
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(A) Unit Status 
(1) Unit Ready 
When this signal is true, and the unit is selected, this signal indicates 
the unit is up to speed, and no fault condition exists within the unit. 
(2) On Cylinder 
This line indicates that the heads are located on the specified track 
(cylinder). 
(3) Seek Error 
This signal indicates that a seek error has occurred. In this case, the 
On Cylinder signal does not always go true. The Seek Error is cleared 
only by performing an RTZ (Tag 3 and Bus 6). Seek Error status is 
defined as follows: 
a) Seek was unable to complete a move within 640ms. 
b) RTZ was unable to complete a move within 640ms. 
c) The heads have moved to a position outside the recording area. 
d) An illegal cylinder address was issued to the FDU. 
e) Heads have overshot the new cylinder address. 
(4) Device Check 
This signal indicates that a fault condition exists in the unit. The 
following fault conditions may be detected by the unit. 
a) Control Check 1 
Instructions received during Not Ready status. 
b) Control Check 2 
Instructions received during fault condition status. Write Gate 
received during an off-set operation, reading or Seek Error 
condition. 
c) Read/Write Check 1 
Write Gate received during Off-track status or VCM overcurrent. 
d) Read/Write Check 2 
Write fault or write current detected during a not-write opera- 
tion. 
e) Read/Write Check 3 
Write Gate received during write protected status. 
f) Read/Write Check 4 
Write or Read Gate received when multiple heads are selected. 
If an above-mentioned condition has occurred, writing is immediate- 
ly inhibited and a Device Check signal is issued to the control unit. 
The device check status is cleared by the following operations: 
o Fault Clear on Tag 3 and Bus 4 
o Fault Clear on the operator panel (if operator panel is employed) 
© Fault Clear Switch on the PCB chassis 
Device Check Status turns on the check lamp on the operator panel 
as well as Maintenance Aid LED’s on PCB chassis. 
File Protected 
File Protected signal indicates that the FDU is in write-protected 
status. Thé* File Protect function is enabled by the following 
switches: 
Oo File Protect Switch on the operator panel (option) 
9° File Protect Switch on the PCB chassis 
Attempting to write while protected will cause a Device Check 
(Read/Write Check 3) to be issued to the control unit. 
(6) Address Mark Found 
Address Mark Found is 8-byte pulse which is sent to the control 
unit at least 2-bytes after the recognition of 3-byte DC-erased area. 
(B) Sector Address 1 to 32 (Status Lines 0 to 5) 
Six-bits of binary-coded Sector Address are transferred from the 


(5 


— 
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Sector Counter, reset by the trailing edge of Index, clocked by the 
trailing edge of Sector, and indicate the current sector address in the 
unit. Sector Address (Status Lines 0 to 5) will be issued to the control 
unit by activating Tag 4. 
Refer to Figure 4-5-23 for timing of Sector Address (status lines 0 to 5). 
(C) Device Check (Status 0 to 5) 
Refer to item (A) — (4). 
(D) Device Type 1 to 32 (Status lines O to 5) 
Enabling selectable Tag 4 and Tag 5 lines, causes key-selected Device 
Type Status to be issued to the control unit as Status 0 to 5 signals. 
Binary-coded Device Type signals are specified as show in Table 4-5-3. 


Table 4-5-3 Device Type Code 


Device Type |Decimal Value 


Notes: 0: False 
1: True 


(2) Index 
This signal occurs once per revolution and is used for reference in read/ 
write operation. 
Refer to Figure 4-6-13 for the timing of Index and Sector. 

(3) Sector 
The Sector Mark is derived from the servo track. The number of sectors per 
revolution is switch selectable and is determined by counting Byte Clock. 
The switches are located on the VFO/PLO card within the PCB chassis. 
Each key of SW1 and SW2 represents binary powers of Byte Clock. 


4.5.4.3 B -. Cable Input Signal 
(1) Write Data 
This line carries NRZ data which is to be written on the disk surface and 
must be synchronized with Write Clock. Refer to Figure 4-5-14. 
(2) Write Clock 
Write Clock is a return signal of the 1F Write Clock issued from the unit, 
and must be synchronized with the NRZ Write Data. Refer to Figure 
4-5-14. ie . 
4.5.4.4 B — Cable Output Signal 
(1) 1F Write Clock 
This signal is used by the control unit to synchronize Write Data and Write 
Clock. 1F Write Clock is available during Unit Ready Status except during 
read operations. Refer to Figure 4-5-14. 
(2) Read Data 
This line transmits the recovered data in the form of NRZ data synchro- 
nized with 1F Read Clock. Refer to Figure 4-5-15. 
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(3) 1F Read Clock 
This line transmits 1F Read Clock which defines the beginning of a bit cell. 
The Read Data is synchronized with the 1F Read Clock. Refer to Figure 
4-5-15. 

(4) Unit Selected 
When the three unit select lines compare with the logical address of the 
unit, and when the leading edge of Unit Select Tag is received, the Unit 
Selected Signal goes true and is issued to the control unit. This signal also 
activates all status lines at the A — Cable. 

(5) Seek End 
Seek End signal is a combination of On Cylinder and Seek Error indicating 
that a Seek, RTZ or Offset operation has terminated. 

(6) Index, Sector 
The Index and Sector pulses are issued on the interface for reference during 
read/write operations. 


4.5.5 Timing 


Unit Select 
1,2and 4 
Unit Selected 
|__ 200ns min. 
jer 200ns max. 
200ns min. 


Figure 4-5-5 Unit Select Timing 


Bus 0 to9 


200ns min. 200ns min. 


1 to 5us 


On Cylinder | | 
| | 


Seek End | | 


55ms max. 
200ns max. 


Note: Cylinder Address must be less than 896 to select the access heads. 


Figure 4-5-6 Seek Timing 
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Bus 6 ee a eee 


200ns min. 200ns min. 
1 to 5us 


On Cylinder | | | 


| 
Seek End | | | 


(Seek Error) | | 


200ns max. 
600ms max. 


Note: On Cylinder is not always set if a Seek Error occurs. 


Figure 4-5-7 RTZ Timing 


Tag 1 oD Sr Se aE 
| | 


Bus 0 to9 MILL 


200ns min. 200ns min. 
1 to Sus 


On Cylinder 
———— 


Seek End | 


200ns min. 


Figure 4-5-8 Zero Track Seek Timing 
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Tag 2 


Bus 0 to 3 
200ns min. 200ns min, . 
1 to 5us 
Head l 
poo | ALLEL 
200ns min. 
Figure 4-5-9 Head Addressing 
(1) Addressing for Fixed Area 
Tag 1 
Tag 2 | | 
| | | | 
Bus Oto9 
0.4us min. 
1 to Sus . 1 to 5s 


Notes: 1.When cylinder address is more than or equal to 896, the cylinder address is defined as 
fixed head area and the subsequent Tag 2 is defined as head address of the fixed head area. 
2. The addressing for the fixed head area does not affect On Cylinder as Seek End signals. 


Figure 4-5-10 Addressing for Fixed Area 
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(2) Addressing for Access Area 


| | 


400ns min. 
On Cylinder | 
Seek End | 


Note: Tag 2 can be set during Seek operations 


Figure 4-5-11 Addressing for Access Area 


Tag 1 


Tag 2 


Tag 3 


| | 
cuows Xa KX XaXeX am NX XaXeX aw _—*S 
| | | 
Seek End | | | 
On Cylinder 


Seek Operation Zero 
Track 
Seek 


Access Head 
R/W 


Fixed Head 


Figure 4-5-12 Fixed Head Addressing During Seek Operation 


The normal! sequence of this operation would occur in the following order: 

(1) The control unit issues Tag 1 (cylinder select) with the desired access 
head cylinder address (A) on the bus. On Cylinder and Seek End will 
go false. 

(2) The control unit access the desired fixed head area with the appropriate 
cylinder (> 896) (a) and head select signals (b}. 

(3) The control unit can read or write on the fixed head area while the ac- 
cess heads are in motion. Reading or writing to the fixed head area 
during the absence of On Cylinder and Seek End will not cause a Device 
Check. 
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(4) At the completion of the seek to the access head, On Cylinder and Seek 
End will go true. 

(5) After the read or write operation to the fixed head area, the control 
unit may readdress the access head by sending the appropriate cylinder 
select (A) (zero track seek) and head select (B) signals. The cylinder 
select Tag 1 resets the fixed head mode. 


a 
max. J x J 200ns max. 


Sector 


Sector 
Address 


300ns 
Figure 4-5-13 Index and Sector Timing 


TF Write Clock ey cerca (ae oe ae (en | 


TW 


TF 


Write Clock 


ob 


TW = TF/2 

TF = 123.6ns + 6.2ns 

Tdb = Continuous detay within 2 bits 
Tda = 0 + 30ns 


Write Data 


Note: 1. Write Data and Write Clock timing shall be specified at the output connector of the 
control unit, 
2. The permissible value of TF = 123.6ns + 6.2ns is about +5%, which includes the 
rotational speed tolerance, +4% and the servo jitter, +1%. 
3. NRZ Write Data issued from the control unit is write-compensated and then MFM- 
modulated for writing on the disk surface. 


Figure 4-5-14 Write Data and Write Clock Timing 
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al 


TF = 123.6 + 6.2ns 


sige geese’ eee lla 
om ee 7+ 4ns 


TW = TF/2 
Note: 1.1F Read Clock and Read Data timing shall be specified at the output connector of 
the disk unit. 
2. Read Data signal should be clocked at the positive-going edge of 1F Read Clock on 


the control unit. 


Figure 4-5-15 1F Read Clock and Read Data Timing 


AC Power ee 


Channel Ready 


+5V DC: Control Unit +4,75V 


Figure 4-5-16 Channel Ready Timing 


Format Write 


Sector a a ee ee ee 


bes 600ns max. 


Address Area (AA) 
Format CRC CRC 


Figure 4-5-17 Format Write Timing 
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Write Data 


Sector 


Read Gate hp 


i 


J boss 17 Bytes max. 


Figure 4-5-18 Write Data Timing 


ae eee fee 
roma 


Lass 8 Bytes 


Vy 


Note: 1. The invalid data in the above figure is inhibited in the unit, therefore, it may be dis- 


regarded in the control unit. 
2. The timing for switching to 1F Read Clock should be performed after the invalid 
data. in this case, a phase adjustment is required for 1 or 2 bits. 


Figure 4-5-19 Read Data Timing 
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4.5.6 Head Address change at the last gap 
This timing is specified for the customer who performs a head address change on 
the same cylinder in the last gap (Gap 3) of the sector. 


The customer who does not require this timing should use the timings of items. 
Data Area ne [ere Gap 3 | Gap 1 
Write | | 


2s min. 
1,0 to 5.0us 


Tag 2 en ny | an 
Bus 0 to 9 x XI IX x 


| | 
0.2us _ s | a 0.2us min. 


Figure 4-5-20 Head Address Change at the Last Gap 


AM Detection 


Format AM 3B VFO SYNC 


AM Found See A 
B 
2 Bytes min. - | seve | 


Figure 4-5-21 AM Detection 
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AM Write 


| 


Write Gate 


Format 


Figure 4-5-22 AM Write 


Tag 4/5 and Status Lines 0 to 5 (when enabled on PCB) 


Tag 4/' pee ee 


400ns max. 


400ns max. 


Sector Address Bit 0 to 5 (Tag 4) 


Device Status Device Check Status (Tag 5) 


Device Status 


or Device Type (Tag4.Tag5) 


Figure 4-5-23 Tag 4/5 Timing 


Fault (Device Check) Clear 


Device Check 


200ns min. 


200ns min. 200ns min. 


400ns min. 


Figure 4-5-24 Fault Clear Timing 


BO3P-4580-0100A...B 4-35 


Offset 


= 200ns min, = 200ns min. 
Bus 2/3 


Seek End 


= 200ns max. 


4.0ms nominai 


4.0ms nominal 


Figure 4-5-25 Offset Timing 


4.5.7 Signal Transmission Driver/Receiver 
4.5.7.1 Balanced Transmission 
Driver SN75110 or equivalent 
Receiver SN75107/75108 or equivalent 
(1) B — Cable 


SDOCK 


SN75110 


SN75107/108 
R1 


15m max. 


Note: 1. Cable shali be flat with characteristic impedance 100 + 10 OHMS. 
2. Line terminators are located on the unit and the control unit. R1 and R2: 
822 +5%, 1/10W. 
3. Maximum cable length is 15 meters. 


Figure 4-5-26 Balanced Transmission of B — Cable 
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SN75110N 


(2) A — Cable 


R1 


SN75107/108N 


R2 
SN75107/108N 
Last Unit 
AS SS. RAMS. he et ey 
Note: 1. Line terminators are located on the unit and the controller. Ri to R4: 562 +5%, 1/10W. 


2. A line terminator is located on the terminator assembly of the last unit in the daisy chain 


configuration. 
3. The maximum cable length is 30 meters. 


Figure 4-5-27 Balanced Transmission of A — Cable 


(3) Balanced Transmission Level 
1. Driver 


SN75110 Input eee iia 


T: 0.623V min. 
1.21V max. 


SN75110 Output 


L: -0.71V 


10ns < Td < 35ns 


SN75107 Sitios CCC 


Figure 4-5-28 Balanced Transmission Level 
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2. Receiver 


Table 4-5-4 SN75107 Truth Table 


Differential Inputs bohibit Output 


VA-VB 2 25mV 


VA - VB > 25mV 


VB - VA 2 25mV 


*: Indeterminate 


4.5.7.2 Channel Ready 
The Channel Ready signal must be issued so that data is protected during a 
power failure of the control unit. It is recommended that the control unit have 


appropriate Channel Ready output to satisfy conditions specified in Figure 
4-5-16. 


4.5.8 Connector and Cable 


4.5.8.1 Connector 
(1) A — Cable connector 60 pos. 
Ansley Fujitsu 
Unit Side: 609-6052MR -FCN-702P060-AU/M (Wire wrapping) 
= FCN-704P060-AU/M (Staright) 


a FCN-705P060-AU/M (Right Angle) 
Cable Side: 609-6001M — FCN-707J060-AU/B 


(2) B — Cable Connector 26 pos. 
Ansley Fujitsu 
Unit Side: 609-2652MR FCN-702P026-AU/M (Wire wrapping) 


FCN-704P026-AU/M (Straight) 
— FCN-705P026-AU/M (Right Angle) 
Cable Side: 609-2601M FCN-707J026-AU/B 


4.5.8.2 Cable 
(1) A — Cable 


SS-455-248-60 SPECTRA STRIP 

ZO = 1002 +102, 28 AWG, 7 strands 
(2) B — Cable 

174-26 Ansley, 3476-26 3M 

ZO = 1002 +152, 28 AWG, 7 strands 
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4.5.9 Connector Pin Assignment 
4.5.9.1 A — Cable Connector 60 Pin 
Table 4-5-5 A — Cable Pin Assignment 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 


Ny = 
Oo o 


N 
= 


N 
N 


N 
bw 


NN 
BS 


N 
o 


N 
a 


nN 
~ 


nN 
co 


NN 
ice] 


w 
oO 


Tag iL 

Tag2L 

Tag3 L 

BusOL 

Bus71L 

Bus2L 

Bus3 L 

Bus 4L 

Bus 5 L 

Bus 6 L 

Bus 7 L 

Bus 8L 

Bus9L 

Channel 1 Ready L 
Status 3 L 

Status 2 L 

Status 1 L 

Index L 

Status OL 

Status 5 L 

Not Used 

Unit Select Tag L 
Unit Select 1 L 
Unit Select 2 L 
Sector L 

Unit Select 4 L 
Tag 5 L (Selectable) 
Status 4L 

(Pick) 

Tag 4 L (Selectable) 


4.5.9.2 B — Cable Connector 26 Pin 
Table 4-5-6 B — Cable Pin Assignment 
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OON OTA WHD a 


—- oe 
QO nN = © 


GND 
1F Write Clock L 
Read Data L 
GND 
1F Read Clock L 
Write Clock L 


GND 
Write Data L 
Unit Selected H 
Seek End L 
GND 
Index L 
Sector L 


Tag1H 

Tag2H 

Tag3H 

Bus 0 H 

Bus 1H 

Bus 2H 

Bus 3 H 

Bus 4H 

Bus 5H 

Bus 6 H 

Bus 7H 

Bus 8 H 

Bus 9 H 

Channel Ready H 
Status 3 H 

Status 2H 

Status 1H 

Index H 

Status 0 H 

Status 5 H 

Not Used 

Unit Select Tag H 
Unit Select 1 H 
Unit Select 2 H 
Sector H 

Unit Select 4 H 
Tag 5 H (Selectable) 
Status 4 H 

(Hold) 

Tag 4 H (Selectable) 


1F Write Clock H 
GND 
Read Data H 
1F Read Clock H 
GND 
Write Clock H 
Write Data H 
GND 
Unit Selected L 
Seek End H 
Index H 
GND 
Sector H 


4-39 


4-40 


PCB Chassis 


Grounding Wire of 
Line-terminator 


Ne, 
ND TRM1 


SAYZZ 


“A” Cable “B" Cable DC Power 


Figure 4-5-29 1/O Connectors 


4.6 ELECTRIC CIRCUIT FUNCTION 
4.6.1. Start/Stop Function 


When power, AC input, DC +5V, DC +12V and DC +24V, is applied to the FDU 
from the external power supply unit, the cooling blower is activated. In the case 
of Remote mode, the AC input to the spindle drive motor and DC +24V is con- 
trolled by Pick and Hold signals from the control unit. DC +24V is suppliied to 
the brake coi! of the spindle drive motor assembly and releases the spindle drive 
motor shaft lock. 


When current flows through the brake coil and is detected by the Brake Current 
Detection circuit, its output activates the relay circuit. Then AC input is supplied 
to the spindle drive motor through the relay contacts. 


The spindle drive motor provides rotating motion to the spindle of the Disk En- 
closure through a flat belt. When the disk rotates, a tab on the spindle assembly 
is detected by the speed transducer, which generates pulses that are used to de- 
termine the rotational speed. The output pulse, Speed Signal (SPSG) is applied 
to Speed Detection circuit. When the rotational speed comes up to 80% of op- 
erating speed, Speed OK (SPOK) signal is issued and triggers the start time cir- 
cuit, and also is sent to the external power supply unit through the power con- 
trol connector PWC1. 
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Through this step of power-up sequencing, the actuator is held in the Landing 
Zone (IGB2) by a stopper magnet. When the Speed OK signal goes true, current 
flows through the coil of the Voice Coil Motor (VCM) on the actuator and the 
heads are kept in the Landing Zone electrically. 


Five seconds after SPOK goes true, Guard Band Enable is activated. Ten seconds 
after SPOK, Start Pulse (STARTP) goes true. The Guard Band Enable signal al- 
lows detection of Guard Band signals, and Start Pulse activates the Initial Seek 
operation. 


The stop sequence is initiated when input power is shut-off. The FDU does not 
require DC power sequencing, therefore, the stop sequence is initiated in various 
ways. 

If DC+24V drops below +10V, the VCM Driver circuit is turned off and the 
actuator returns to the Landing Zone driven by the Retract Capacitor discharge. 
If there is a further reduction of DC+24V, the spindle motor brake is activated 
and the drive motor stops. !f DC+5V or DC+12V goes false, the same sequence 
occurs. , 


Also, if DC+5V or DC+12V goes false, Power Ready (PWRDY) goes false. 

If PWRDY signal is disabled, the actuator returns to the Landing Zone and Unit 
Ready (URDY) signal goes false. 

With the loss of AC input, the rotational speed will decrease slowly and then 
Speed OK signal will go false to retract the heads to the Landing Zone. 


The Start/Stop block diagram is shown in Figure 4-6-1, timing chart in Figure 
4-6-2, start sequence flow chart in Figure 4-6-3, and stop sequence flow chart in 
Figure 4-6-4, 
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crv 


a’ vOOLO-08Sb-de08 


SPOK 


GBENB 
SPEED SPEED 
TRANSDUCER DETECTION STARTP 
(GA1) (AB1) | 
STOPP 


MTON 


MOTOR ASSY 


AC INPUF— 

AC INPUF— 

DC +24V — 

BRAKE CURRENT 
BRAKE COIL DETECTION 
(CC 1) 

DC +24V 

De rt ee ee 


DC +5V 
POWER READY 
DC +12V DETECTION l PWRDY 
pc -12V (EA 3) ) 
| 
Figure 4-6-1 Start/Stop Block Diagram [iit 2k ot Se eee is | 


g""' VOOLO-08Sp-de0g 


cr-v 


PWRDY 


Rotatinoal Speed 


SPSG 


SPOK 


GBENB 


STARTP 
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4.6.2 Unit Selection 


The FDU must be selected before it will respond to any commands from the con- 
trol unit. Tag and Bus receivers are not enabled until the unit is selected. 


When the unit recognizes the Unit Select Tag signal, it compares its own logical 
address specified by three unit select keys with the address sent from the control 
unit. 


If the disk address of the unit is the same as the address from the control unit, 
and Channel Ready (CHRDY) and Power Ready (PWRDY) signals are true, Chan- 
nel Enable (CHENB) signal is issued and activates the A cable Driver/Receivers. 
The Channel Enable signal is delayed and appears on the B cable as Unit Selected 
(USLD). 


After turning on the Unit Selected signal, the unit is now ready to respond to 
commands from the control unit. 


The Unit Selection block diagram is shown in Figure 4-6-5. 
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4.6.3 Seek Control Function 


Basically, the FDU has five types of seek modes: Initial Seek, Return To Zero 

(RTZ), Direct Seek by Tag 1, Head Retract and Linear mode. 

(1) Initial Seek Mode 
The Initial Seek mode causes the head to position onto cylinder zero from 
Landing Zone. 

(2) Return to Zero Mode 
The Return to Zero (RTZ) mode causes the heads to move to cylinder zero, 
regardless of where they are when the command is received. Basically Return 
To Zero mode is equivalent to the Initial Seek mode; therefore, they are re- 
ferred to as the Go To Zero (GTZ) mode. 

(3) Direct Seek by Tag 1 
Direct Seek mode causes a seek to the cylinder address specified by the Tag 
1 and Bus 0 to 9 signals from the control unit. 

(4) Head Retract Mode 
Head Retract Mode causes the heads to return to the Landing Zone if a power 
failure or abnormal positioning operation occurs. 

(5) Linear Mode 
Linear Mode causes the heads to track (follow) the center of the specified 
cylinder after a seek operation has been completed. An offset operation is in- 
cluded with this mode. 


The Seek Control Block Diagram is shown in Figure 4-6-6. 
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4.6.3.1 Initial Seek Mode 


As mentioned in the Start/Stop Function section, the speed OK (SPOK) signal 
goes true when the rotational speed is up to 80%. The leading edge of the SPOK 
signal sets the Retract Mode (RTRM), Sub Enable (SUBEN) and Drive Linear 
Motor (DRLM) signals to keep the heads on the landing zone (IGB2). Five 
seconds after SPOK, the Guard Band Enable (GBENB) signal goes true to 
enable decoding of Index and all guard band signals. Ten seconds after SPOK, 
the Start Pulse (STARTP) goes true; the Retract and Velocity Equals Zero 
(V=0) latches are reset; and the Initial Seek Mode (INSKM), Go To Zero (GTZ), 
Under Sequence (UNSQ), DRLM, SUBEN, Forward Drive (FWDD) and Even 
latches are all set. 


At the starting of initial Seek, the heads move toward the outside of the disk 
(forward) at high speed by enabling FWDD and disabling Low Speed (LSPD). 


When the heads have passed through the IGB2 zone and enter the |GB1 zone, 
the heads are driven toward the outside of the disk at low speed by enabling 
the FWDD and LSPD signals. 


When the heads have passed through 1GB1 zone, the Position Drive (PSDR) goes 
true when three successive Odd tracks are encountered, which changes the tar- 
get velocity to the Position signal. When the velocity reaches the capture range, 
V=0 signal goes true, and then it resets the DRLM and SUBEN latches and sets 
the Linear Mode (LNMD) latch. When the LNMD signal goes true it keeps the 
heads precisely on the center of Cylinder 0, that is, the first ODD-EVEN servo 
track. 


The first Index signal under the linear mode triggers the Settling 1 one-shot 
(STL1:2.5ms). The trailing edge of the STL1 signal sets the Seek End (SKEND), 
On Cylinder (ONCYL) and Unit Ready (URDY) latches, and also resets the 
INSKM, GTZM and UNSO latches. 


If the inital seek has not been performed within 640ms after STARTP, the De- 
vice Check goes true under the not ready status. The Device Check Clear signal, 
under the not ready status, which is commanded from the control unit or the 
Check Clear key, will cause a retry of the Initial Seek sequence. 


The Return To Zero (RTZ) command under the Retract Mode during Ready 
status initiates the Initial Seek sequence. 


The flow chart at Go To Zero is shown in Figure 4-6-7, and the timing chart for 
Initial Seek is shown in Figure 4-6-8. 
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4.6.3.2 Return to Zero Mode 
The Return To Zero Mode is initiated by the Return to Zero (RTZ) command 
from the control unit during Ready status and linear mode. 


The RTZ command sets the GTZM, DRLM and EVEN latches and resets the 
V=0, LNMD and Seek End (SKEND) latches. 


At the start of GTZM, the heads move toward the center of the disk (reverse) 
at high speed by disabling the FWDD and LSPD signals. 


When the heads have passed through the Servo Zone and enter the IGB1 zone, 
the heads are driven toward the center of the disk at low speed. 


When the heads enter the |GB2 zone, they are driven toward the perimeter (for- 
ward) at high speed. When the heads enter the |GB1 zone again, they are driven 
forward at low speed. 


The subsequent sequence is equivalent to the Initial Seek Mode. 
The RTZ timing chart is shown in Figure 4-6-9. 
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4.6.3.3 Direct Seek Mode 
Direct Seek is initiated by activating the Tag 1 signal. 


The leading edge of Tag 1 sets the bus bits 0 to 9 into the Next Cylinder 
Address Register (NCAR) when the bus contents are less than 822. 


When the NCAR output is not equal to the Present Cylinder Address Register 
(PCAR) output at the trailing edge of Tag 1 signal (Fall Tag 1: FTAG1), a 
Direct Seek is initiated. 


The FTAG1 signal resets the ONCYL, SKEND, LNMD and V=0 latches, 
and also sets the SEKM, DRLM, UNSO and direction latches.* 


Even latch is set if NCAR is even. 


The difference between NCAR and PCAR is equal to the number of 
cylinders to move to the desired address. The difference counter outputs 
binary coded D1 to D64 which is sent to the servo control circuit to 
generate the target velocity. When D is greater than 128, signal D>128 is 
sent to the servo circuit, generating maximum velocity. 


When the NCAR is greater than PCAR, the forward direction is set, and when 
the NCAR is less than the PCAR, the reverse direction is set using the FWDD 
signal. 


When the heads start to move to the desired address, the Track Crossing Pulse 
(TXPL) is sent from the servo circuit to the PCAR counter every time the servo 
head crosses a cylinder. The PCAR counter is increased by the trailing edge of 
the TXPL signal in the forward direction, and is decreased in the reverse direc- 
tion. 


When the difference is equal to or less than one, D < 1 signal goes true, and 
Track Follow (TRFLW) goes false, the Position Drive (PSDR) signal is activated 
and the velocity follows the position signal. When the difference counter out- 
put is equal to zero and V = 0 signal goes true, Linear Mode (LNMD) is set, 
DRLM and PADR signals are reset, and then the Setting 1 (STL1) one-shot is 
triggered. The trailing edge of STL1 sets the ONCYL and SKEND latches and 
resets the SEKM and UNSO latches. 


If an illegal cylinder address (822 < CYL < 896) is set in the NCAR, no head 
movement is performed; however, ONCYL and SKEND latches are reset by 
the trailing edge of Tag 1 and the Seek Error (SKERR) and SKEND latches are 
set after 5ys. 


The Direct Seek flow chart is shown in Figure 4-6-10 and the timing chart is 
shown in Figure 4-6-11. 


* Even latch is set if NCAR contains an odd number cylinder address. 
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4.6.3.4 Retract Mode 


If the following malfunctions have occurred in the unit, Retract Mode (RTRM) 
is set and the heads move to the landing zone (!GB2). 


ERROR UNIT STATUS 
Initial Seek Time Out (Not Ready) 

Rotational Speed Low (To Not Ready) 
DC + 12V Fault (To Not Ready) 
Any GB in Seek Mode (To Seek Error) 
Any GB in Linear Mode (To Seek Error) 
OGB in Go To Zero Mode (To Seek Error) 
Time Out in Any Seek Mode (To Seek Error) 
Settling Error in Linear Mode (To Seek Error) 


Each malfunction sets the RTRM, DRLM and SUBEN latches and then resets 
the FWDD latch. The heads move in reverse at retract speed defined by the 
servo circuit. When |GB2 goes true under RTRM, it triggers the Guard Band 
Timer (GBTM) one-shot. The trailing edge at GBTM sets Seek Error (SKERR) 
and Seek End (SKEND). 


4.6.4 Servo Circuit Function 
4.6.4.1 Position Sensing 


The block diagram of the position sensing circuit is shown in Figure 4-6-12 and 
the waveforms are shown in Figure 4-6-13 to Figure 4-6-16. 


The servo data written on the servo surface is read by the servo head and ampli- 
fied by the Head Pre-amplifier with a gain of 70, and applied to the Automatic 
Gain Control (AGC) amplifier. The AGC amplifier functions to keep the output 
constant if the AGC input varies. The AGC output is applied to a Low Pass 
Filter (LPF), which attenuates unuseful high frequencies, and then is amplified 
by the Carrier Amplifier, which outputs the servo (SERVO) signal. 


The SERVO signal is applied to the Level Slicer and Sampling Gate circuits. 
The Level Slicer slices the Servo signal and separates the Sync Bit. This output 
is called Servo Pulse (SVPL) and is then applied to the Phase Locked Oscillator 
1 (PLO }!) circuit. 


The Servo Pulse interval is 32 bits (4 Bytes). The PLOI circuit syncronizes with 
the Servo Pulse and generates 2 Bits Clock. The PLO output is applied to the 
counter, and decoded to generate a Sampling Gate. The Sampling Gate, that is 
Odd Gate (ODG) and Even Gate (EVG), samples odd position pulses and even 
position pulses respectively and holds the position pulse peaks in the Peak Hold 
circuit. 


The Peak Hold outputs, Odd Peak (ODP) and Even Peak (EVP), are applied to 
an Adder Amplifier which outputs AGC control voltage. Moreover, the Peak 


Hold outputs are applied to a Differential Amplifier to generate a Position 
(POS) signal. 


The Position signal is proportional to the distance of the servo head from the 
centerline of the servo tracks and this is OV at the centerline of the tracks. 


The Position signal (+ POS) is applied to the Level Detector circuit to generate 
Track Follow (TRFL) and Track Crossing Pulse (TXPL) signals which are sent 
to the seek control circuit. Velocity Invert (VINV) and Velocity Non-Invert 
(VNON) signals are also produced which generate a portion of the velocity 
signal. 
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Note: The above waveform is for On-Track condition. 


Figure 4-6-13 Position Sensing Waveform (1) 
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4.6.4.2 Direct Seek Control Circuit 


The Direct Seek Control block diagram is shown in Figure 4-6-17 and the wave- 
form is shown in Figure 4-6-18. 


When the cylinder address is specified from the control unit, the Difference 
Counter outputs the difference between the Next Cylinder Address Register 
(NCAR) and the Present Cylinder Address Register (PCAR) in binary-code. 


The Difference Counter seven-bit output D1 to D64 is applied to the DA Con- 
verter (DAC) which generates a voltage in proportion to the difference. If the 
Difference Counter has a value of 127 or above, the DAC output is maximum. 


As the head crosses a track, the Track Crossing Pulse is detected and then the 
Difference Counter decrements by one. 


The decrementing output of the DAC is a staircase waveform. To smooth this 
staircase waveform of the DAC, the Smoother signal is applied to the DAC 
output. 


The Smoother signal is a sawtooth waveform which is generated by integrating 
the velocity waveform at each track crossing. 


The Function Generator outputs a target velocity curve (Function Curve: 
FUNC), which is designed to keep positioning time to a minimum. 


The Velocity Generator circuit generates a Velocity (VEL) signal in proportion 
to the velocity of head movement. The Velocity signal is comprised of the posi- 
tion signal slope and the VCM coil current sense (CS). 


The difference (summing amplifier output) between the Velocity signal and 
Function Curve develops the Velocity Error (VER) signal. The Velocity Error 
signal is applied to the VCM driver circuit to move the heads to the specified 
track. 


The servo control circuit always tries to decrease the Velocity Error. 
As the heads approach the specified cylinder, the head movement is decelerated. 


When the difference is equal to or less than one and the Track Follow (TRFL) 
latch goes false, the Target Velocity is changed to the Position signal by enable- 
ing Position Drive (PSDR) signal. 


When the Velocity signal becomes very small compared to the slicing level and 
the Velocity-Equal-Zero (V=0) signal goes true, the seek mode is changed to 
Linear Mode contro! (Fine-servo) after 1ms. 
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4.6.4.3 Initial Seek/Return To Zero Servo Control 
The Initial Seek/Return To Zero block diagram is shown in Figure 4-6-19 Initial 
Seek waveform in Figure 4-6-20 and Return to Zero waveform in Figure 4-6-21. 


Initial Seek/Return to Zero servo control is initiated by enabling Sub-Enable 
(SUBEN). The direction is specified by the Forward Drive (FWDD) signal and 
its reference velocity is specified by the Low Speed (LSPD) signal. 


To generate an Initial Seek operation, the Start Pulse (STARTP) signal sets the 
Forward/High Speed (FWDD: true, LSPD: false) signal and the head begins to 
move up to speed from the Landing Zone (IGB2). When the head enters the 
Inner Guard Band 1 (!1GB1), the speed is changed to Low Speed (LSPD: true). 
When the head passes through the IGB1, Position Drive (PSDR) goes true and 
the head movement follows the Position signal by changing the reference veloc- 
ity to Position signal. 


When the head arrives at cylinder 0, the Velocity-Equal-Zero (V=0) signal goes 
true. The Linear Mode is developed when V=0 signal goes true and the Initial 
Seek is terminated. 


Return To Zero (RTZ) mode is initiated by an RTZ command from the control 
unit. If the RTZ command is received when the head is located on 1GB2, the 
sequence is the same as the above-mentioned Initial Seek operation. When the 
head is located in the Servo Zone, the RTZ command sets Reverse/High Speed 
(FWDD: false, LSPD: false). 


The heads move toward the spindle and enter the IGB1 area. When IGB1 is 
detected, Reverse Low Speed (FWDD: false, LSPD: true) is set. When the 
heads reach IGB2, the head movement is set to Forward/High Speed (FWDD: 
true, LSPD: false) until 1GB1 is detected again. 


When the head movement direction is changed from reverse to forward, the 
current-feedback in the velocity generator circuit is inhibited for Tms to pre- 
vent a false velocity error voltage. The subsequent control is the same as that of 
the above-mentioned initial Seek operation. 
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4.6.4.4 Linear Mode Servo Control 
The Linear Mode servo block diagram is shown in Figure 4-6-22. 


The Position (+POS) signal is OV when the head is located on the center of the 
track. If the head is noton the center of the track, +POS signal develops voltage 
in proportion to the distance the head is off-center. Feedback of the off-center 
track value ensures that the head will remain located over the center of the 
track. This feedback signal is developed through the Low Pass Filer (LPF) to 
attenuate any unuseful high-frequencies and through the Phase Compensator 
circuit. 


The Integrator output of VCM current sensing is used for the Phase Compen- 
sator, and it functions as a damping factor. 


The offset function may be designated by the control unit to recover possible 
soft read errors. The Offset operation is initiated by the Offset Active (OFACT) 
signal from the seek control logic circuit. The value of offset is determined by 
the Difference signal to the DAC. The offset direction is set by the Forward 
Drive (FWDD) signal. During the offset operation the DAC output is applied 
to the summing amplifier with the position signal. Therefore, the head off- 
tracks by the reference voltage which is given by the DAC output. 


4-74 


GL 


*LNMD 


*OFACT *OFACT 
ees! cu 
SEEK CIRCUIT OFFWD 
CONTROL FWDD (CB 1) 
LOGIC DAC 
(CB 3) 
*EVEN 
POSITION +POS 


SENSING 


(CA 1, 2, 3) 


PRE AMP 


Disk Enclosure _| 


Figure 4-6-22 Linear Mode Servo Control Block Diagram 


SUMMING 
AMP 
(CB 3) 


INTEGRATOR 
(CB 3) 


AMP 
(CC 1) 


LPF 
(CB 3) 


SUMMING 


PER 


4-76 


4.6.4.5 Retract Servo Control 


The Retract servo control block diagram is shown in Figure 4-6-23. 


The Retract operation is initiated if Retract (RTR) signal goes true, a power 
failure occurs, or if Emergency Retract (EMRT) signal goes true. 


The Retract signal controls the head movement so that the velocity sensed 
from the voltage output of the VCM is equal to the reference velocity. 


In the case of a DC power failure, the normally used power amplifier is deacti- 
vated and the retract capacitor discharges through the VCM coil. 


If excessive current flows through the VCM coil, the VCM Heat (VCMHT) 
signal turns on. 


When the VCMHT signal is turned on, the seek control logic issues the Emer- 
gency Retract (EMRT) signal, which breaks a relay contact supplying DC+24V 
to the power amplifier. After breaking the relay contact, the retract capacitor 
discharges through the VCM coil. 


Under above-mentioned conditions, the heads always return to the landing 
zone ({GB2) and are held there by the stopper magnet. 
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4.6.5 Index/Sector/Guard Band Generate Function 


4.6.5.1 Missing Detect 
As described in the Position Sensing discussion, the servo signal contains missing 
Sync Bits. The Servo Pulse (SVPLS) is applied to the Phase-Locked-Oscillator | 
(PLO!) which outputs a 2 Bit Clock. 


The PLOI latch (PLOLT) which is set by the leading edge of Servo Pulse and 
reset by the leading edge at Count 7 (CT7), is applied to a shift register and 
clocked by the positive going edge of the CT7 signal. 


The shift register outputs are decoded into decimal, and then Even Index, two 
inner Guard Band (1GB1, 2) patterns and Outer Guard Band (OGB) are detected 
by the combination of the decoder outputs. The missing detect block diagram 
is shown in Figure 4-6-24 and the timing chart is shown in Figure 4-6-25 and 
Figure 4-6-26. 
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Figure 4-6-24 Missing Detect Block Diagram 
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Figure 4-6-25 Index Detect Timing Chart 
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Figure 4-6-26 Guard Band Pattern Detect Timing Chart 
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4.6.5.2 Sector Generator 


The sector pattern is not written on the servo surface. The sector pulse is de- 
rived from the Presettable Byte Counter by counting a Byte clock, which is 
generated by the PLO II circuit synchronized with Servo Pulse. One revolution 
has 20,480 Byte clocks, and sector length is determined by keys on the VOFM 
PCB. 


The Index signal (2 Bytes) from the PLOI circuit enables the Preset Input to 
the Byte Counter. The value caused to be loaded into the Byte Counter is 
determined by the value of the VOFM PCB keys not turned on. For example, 
a 256 byte sector length is specified by turning on SW1 keys 1 to 7 and SW2 
key 1. The binary value of the keys not turned on (SW2 keys 2 to 7) equals 
65,280. The Index signal causes the Byte counter to be preset to 65,280. The 
counter is then clocked by the positive going edge of *1/8F clock (byte clock) 
until it reaches 65,535 (255 byte clocks). The next *1/8F signal would then 
cause a carry signal which is used as the Sector Pulse and a new preset enable 
to the Byte Counter. The process is repeated until the Index signal goes true. 
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Figure 4-6-27 Sector Generating Block Diagram 
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Figure 4-6-28 Sector Generating Timing Chart 
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4.6.6 Head Selection 
A head must be selected before a read or write operation can be performed. 
A cylinder address is set by Tag 1 and a head address is set by Tag 2. 


Bus bits 7, 8 and 9 of Tag 1 determine whether the selected head is a fixed or ac- 
cess head. 
(1) Access Head Selection 


(2 


— 


If Bus bits 7, 8 or 9 are false, the access head is selected and Fixed Head Se- 
lected (FHDSL) goes false. The subsequent Tag 2 signal sets Bus bits 0 to 3 
into the Head Address Register (HAR). The HAR outputs, HAR 1, 2, 4 and 
8, are applied to the Read Switch PCB (ROVM/ROWM). The signals HAR 4 
and 8 are decoded into Chip Select 1, 2,3 (CS1/CS2/CS3) and then applied 
to Head IC’s in the Disk Enclosure. 


On the other hand, lower bits HAR 1, 2 are converted into ECL level (Head 
Select 1/2/3: HS1/HS2/HS3) and then applied to each Head IC. 


Through this process, the specific head is selected. 


A multiple chip select error is detected by an over load current of the VCC 
supply. 

Fixed Head Selection 

If during Tag 1 Bus bits 7, 8 and 9 are true, the fixed heads are selected and 
FHDSL signal goes true. Then Bus bits 0 and 1 are set in the Fixed Cylinder 
Address Register (FCAR 1, 2) by the leading edge of Tag 1. The subsequent 
Tag 2 sets Bus bits 0 to 2 in Head Address Register. 

HAR 1, 2, 4, FCAR 1 and 2 are applied to the Read Switch PCB and decoded 
into decimal 0 to 31. The decoder outputs are sent to the head select drivers, 
and then a specific fixed head is selected. 

The head select driver outputs, FHDS 00 to 31, are connected to each fixed 
head. If more than one fixed head is seizcted, Fixed Head Multi-Selected 
(FMLSL) signal goes true. This FMLSL signal is ORed with the multi-chip 
selected signal and sent to a fault detection circuit. 


The Head Selection block diagram is shown in Figure 4-6-29 and Figure 4-6-30. 
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Figure 4-6-29 Head Selection Block Diagram, Sheet 1 of 2 
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Figure 4-6-30 Head Selection Block Diagram, Sheet 2 of 2 
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4.6.7 Read/Write Function 


4.6.7.1 Read/Write Basic Principles 

When the disk is rotating at 2,964 RPM, Read/Write is performed by means of 

the R/W heads. The basic principles of the read/write function will be described 

in the following paragraphs. 

(a) Data Write 
During a Write instruction, a 0 or 1 is recorded by reversing the 
direction of the current flowing in the data head coil. When the 
direction of the current flowing in the head coil is reversed, the 
magnetic poles of the head are reversed and the direction of magnetic 
flux at the gap is reversed. The direction of magnetization of the 
surface of the disk is then reversed. Each flux reversal means thata “1” 
or “0” has been recorded on the disk. 
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Figure 4-6-31 Data Write 


(b) Data Read 
During a Read instruction, the transitions recorded on the surface of the disk 
are detected by the head gap. When magnetized in the same direction con- 
tinuously, no output is produced. However, when a recorded bit (180 degree 
flux reversal in the horizontal direction) passes under the head gap, the mag- 
netic flux flowing in the ring and coil is reversed and an Output pulse is ob- 
tained. 


BO3P - 4580 - 0100A...C 4-87 


4-88 


Read Current 


Data No Pulse Data Pulse 
Head (passing over Head (flux reversal 
constant field) in gap) 


N VAN=——sVs—=N 
LRN ANE 


—e——— Disk Rotation 


<a ———— _ Disk Rotation 


Flux reversal (data bit) 


Figure 4-6-32 Data Read 


(c) Principles of MFM Recording 
This unit uses the Modified Frequency Modulation (MFM) recording tech- 
nique. The length of time required to define one bit of information is the 
cell. Each cell is nominally 123 ns in width (1FW or 1FR). 


MEM defines a “1” by writing a pulse at the half-cell time. A “O” is defined 
by the absence of a pulse at the haif-celi time. A pulse at the beginning of a 
cell is clock (1 FW). However, Clock is not always written. Clock is sup- 
pressed if there will be a “1” in this cell or if there was a “1” in the previous 
cell. 


The rule for MEM recording may be summarized as follows: 

1. There is a flux transition for each “1” bit at the time of the “1”. 

2. There is a flux transition between each pair of “0” bits. 

3. There is no flux transition between the bits of a “1 0” or “01” combination. 
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Figure 4-6-33 MFM Coding 
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4.6.7.2 Write Operation 


The write circuit block diagram is shown in Figure 4-6-34. 


The servo data written on the servo surface of the disk are read by the servo 
head and the PLOI circuit generates 1 Byte clock,* which is applied to the 
PLOII circuit. The PLOII circuit develops 1 bit cell PLO1F. The PLO1F is input 
to the VFO. The VFO is synchronized with this signal and generates a 
frequency double the PLO1F frequency, then outputs VFO1F and VFO@F. 
VFO1F and VFO2F are sent to the write compensator (W.C.P.) and VFO1F is 
also sent to the control unit as the 1F write clock. The control unit must use 
this write clock in generating the write data. A head must be selected before 
writing. 

When a write instruction is sent from the control unit and the write clock and 
write data synchronized with the 1F write clock are sent, they are input to a 
FF through a receiver. The phase of the WRITE DATA is compensated and the 
data is input to the write compensator. The write compensator converts the 
NRZ data (WD) to MFM data pulses (*WDP) and compensates its phase. *WDP 
is input to a FF where it becomes MEM data. This MFM data is sent to the 
write driver. 


When Access Head Select (AHDSL) goes true, the write data passes through 
the Read/Write Bus Switch, and is applied to Head IC (HIC) chips as DX and 
DY signals. The write current is supplied to the selected HIC chip through a 
write current 1/2/3 (WC1/WC2/WC3) line. A Head Address line, HAR 1, 
changes the write current depending on whether the selected head is even or 
odd. A head closer to the spindle receives less current because the bit density 
is higher. 


On the other hand, when a fixed head is selected, the Write Current drives 
the Write Data Driver with a constant current. One fixed head functions to 
write data on a specified track. 


* The PLOI VCO output is a 2 bit clock (2F). This output is applied toa 
counter which generates a variety of outputs among which is 1 Byte 
Clock. 
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4.6.7.3 Write Compensation and MFM Coding 


When the bit density (BPI) is high on a disk surface, and a read operation is 
performed, a peak shift phenomenon appears, which tends to widen the narrow 
part of the bit spacing because of mutual magnetic interference of the bits. 
Therefore, when such a phenomena appears, reading of the data will deviate 
from the correct bit spacing, causing errors. The write compensation circuit 
measures this peak shift beforehand so that the data is written by shifting the 
peak in the opposite direction of the peak shift appearing during the read 
operation. 


The NRZ write data sent from the controller is synchronized by the write clock 
and then enters this circuit. The two clocks VFO2F and VFO1F from the VFO 
also enter this circuit and the write data synchronized by the above write clock 
is again synchronized to the VFO1F clocks. 


The NRZ write data is converted to MFM write data and is simultaneously pre- 
shifted for write compensation by this circuit. When the variable length sector 
format is used, the Address Mark (DC erase) is written by this circuit so that 
write data pulses do not appear. 


The block diagram and timing charts are given in Figure 4-6-35 and Figure 
4-6-36 and Figure 4-6-37. The truth table is given in Table 4-6-1. 
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Figure 4-6-35 Write Compensation and MFM Coding Block Diagram 
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Figure 4-6-36 Write Compensation and MFM Coding Timing Chart 


MFM write data/clock is early/on time/late depending on the contents in 
the shift register as shown in Table 4-6-1. MFM write data pulse follows 
contents of the shift register on Bit 1 status. 


Table 4-6-1 Write ——Ee and MFM Truth Table 
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Figure 4-6-37 Write Compensation Shift 


4.6.7.4 Read Operation 
A Read operation is initiated by enabling Tag 3 and Bus 1 (Read Gate: RG); 
however, the read analog circuit is enabled by disabling Write Enable (WENB). 


In the case of the Read Switch PCB with the fixed head functions (ROVM, 
PCB), when the access head is selected, the read preamplifier (Head IC: HIC) 
in the Disk Enclosure is activated after a write operation. The DX, DY HIC out- 
puts are applied to the Read/Write Bus Switch circuit, amplified, and sent to 
the Multiplex Amplifier (refer to Figure 4-6-38). 
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Figure 4-6-38 Read/Write Bus Switch 


On the other hand, when a fixed head is selected, the magnetic field flux transi- 
tions are sensed by the head coil and then applied to the Fixed Head Preampli- 
fier through a Diode Matrix circuit. The Fixed Head Preamplifier output (ten 
amplifications) is applied to a Low Pass Filter (LPF) to attenuate unuseful high 
frequency noise, and then applied to the Multiplex Amplifier. 


In the case of Read Switch PCB without the fixed head functions (ROWM PCB), 
the DX, DY signals are amplified by ten amplifications and sent to LPF circuit. 


The output of the Read/Write Bus Switch (without fixed head functions) or 
the Multiplex Amplifier (with fixed head functions) is applied to an LPF circuit 
to attenuate the unuseful high frequency noise, and sent to the Automatic Gain 
Control (AGC) circuit. 

The AGC circuit develops the control voltage to the AGC amplifier and holds 
AGC output amplitude (280 mVp-p) at a constant level. The output of the 
AGC amplifier is amplified by ten amplifications (2.8Vp-p), and then sent to 
the Pulse Shaper circuit. 

After going false at WENB, the read circuit is activated; however, a read- 


transient which is caused by the DC unbalance of the read pre-amplifier will 
occur. WENB signal squelches this read transient (refer to Figure 4-6-39). 
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Figure 4-6-39 AGC Squelch Function 


In the Variable Soft Sector mode, the Address Mark (AM) which is a DC-erased 
3 Byte area is used for the beginning of sectors. When the control unit issues an 
AM-Read (Tag 3 -- Bus 1 — Bus 5) command, the AM-Search (AMSH) signal goes 
true and surppresses the AGC output amplitude to avoid mis-detection of an AM 
caused by external or media noise in the DC-erased area (refer to Figure 4-6-40). 
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Figure 4-6-40 AM Search on Read Signat 
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The analog to digital convertor circuit, which is called a Pulse Shaper, has two 
fundamental circuits. One is a Differentiator circuit which differentiates the 
AGC output signal and then converts the peaks (flux transisitions) into zero- 
crossing signals. The other is an Integrator circuit which AC-slices the AGC out- 
put signal (floating slice) and then generates the data window for the MFM read 
data pulse. The block diagram is shown in Figure 4-6-41 and the detail timing 
chart is shown in Figure 4-6-42 and 4-6-43. 


The output of the analog to digital convertor which is Raw Read Data (RRD 
1/2), is sent to the VFO circuit. 
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Figure 4-6-41 Analog Read Data Block Diagram 
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Figure 4-6-42 Read Data Analog to Digital Block Diagram 
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Figure 4-6-43 Read Data Analog to Digital Timing 
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4.6.7.5 PLO/VFO 
(1) General 


The PLO Il (Phase-Locked-Oscillator) develops a bit clock which is synchro- 
nized with the 2 Bytes clock from the PLO I circuit. 


The PLO [output signal, PLO1F, is applied to the VFO (Variable Frequen- 
cy Oscillator) circuit during a not-read operation. 


The VFO circuit synchronizes with a PLO1F signal from the servo track 
during a not-read operation and with the Raw Data signal from a data track 
during a read operation. 


The PLO/VFO block diagram is shown in Figure 4-6-44. 


(2) PLO I 


The PLO II circuit develops a bit clock which is synchronized with the 2 
Bytes clock from the PLO I circuit. The PLO II generates a bit clock PLO1F 
signal and timing clocks CLK1 and CLK2 for the VFO timing control circuit. 


The functional block diagram is shown in Figure 4-6-45. 
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Figure 4-6-44 PLO/VFO Block Diagram 
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(4) PHASE COMPARATOR compares PLO SS and PLO LATCH and changes the control voltage Vc so that the phase 


is locked. 


(5) PLO FAST SYNC is used to make the loop gain of the PLO signal high, the pull-in range large and shorten the pull- 


in time. 


Figure 4-6-45 PLO Circuit Block Diagram 
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(3) Detailed description of PHASE COMPARATOR 
The PHASE COMPARATOR compares PLO SS and PLO LATCH and locks 
the phase by changing the control voltage Vc by means of the compared re- 
sult. 
(a} Phase Lock 
When the phases are locked, both INC FRO and DEC FRO are O. 
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Figure 4-6-46 Phase Locked Timing Chart 


(b) PLO phase feading 
When the phase of the PLO is leading, the DEC FRQ output appears and 
the VCO operating frequency is lowered. 
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Figure 4-6-47 Timing chart when the phase of the PLO is leading 
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(c) PLO phase lagging 
When the phase of the PLO lags, INC FRO output appears and the VCO 
operating frequency is raised. 
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Figure 4-6-48 Timing chart when the PLO phase lags 


(4) Generation of timing clocks (CLK1, CLK2) 
The frequency of the PLO1F output of the VCO is gradually divided to 
1/2F, 1/4F, 1/8F and 1/16F by a counter. The CLK1 and CLK2 signals 
are generated by combining the signals of these frequencies. The timing 
chart is shown in Figure 4-6-49. 
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Figure 4-6-49 CLK1/CLK2 Generation Timing 
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(5) VFO and DATA SEPARATOR 


During DATA READ, the VFO is locked to the phase of the RAW DATA 
read from the disk. At other times, it is locked to the PLO output. The syn- 
chronizing principle is the same as that of the PLO. The output of the VFO 
is locked to the input ata frequency of twice that of one bit cell. The DATA 
SEPARATOR separates the DATA from the RAW DATA (MFM pulses) 
and converts it to NRZ READ DATA. 


The VFO increases the loop gain of the system, to widen the pull-in range, 
and to shorten the pull-in time by using the LOCK TO DATA signals. More- 
over, Read gate goes true, for instance, in gap 1 where all “O” are written. 
The DATA WINDOW (signal 1FA or 1FB generated by counting down the 
output 2F of the VFO) is phase-adjusted using the Lock To Data signal so 
that the demodulated data is all “O”. 


Furthermore, TIME MARGIN measurements can be performed by changing 
the monostable multivibrator MS2. The block diagram and timing chart are 
given in Figure 4-6-50 and Figure 4-6-51. 
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Figure 4-6-50 VFO and DATA SEPARATOR Block Diagram 
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(6) VFO Control 
The VFO Control circuit controls the input to the VFO circuit, that is, the 
PLO output PLO1F or recovered read data, RAWDT, also generates VFO 
Fast Synchronization (VFOFS) for faster VFO synchronization with the in- 
put signal RAWDT or PLO1F. 


In the start-up sequence, when the Start Pulse (STARTP) is applied to the 
Seek Control circuit, Initial Seek (INSK) is initiated and the heads move to- 
wards the servo zone. From the leading edge of INSK to the going false of 
1GB2 detect, PLO Fast Synchronization (PLOFS) is applied to the PLO I 
circuit on the VOFM PCB. PLOFS enables faster synerhonization of the 
PLO circuit with 2B clock and also initiates the PLO counter. 


The Initial Seek completion sets Linear Mode (LNMD), and also VFO Lock 
(VFOLK) to enable the synchronization of the VFO circuit. The leading 
edge of VFOLK triggers the VFO Fast Synchronization (VFOFS) one-shot 
(11.3 us). VFOFS sets the PLO Latch so that the PLO output PLO1F is ap- 
plied to the input of the circuit and also activates faster synchronization of 
the VFO circuit. When the heads are retracted to the Landing Zone, VFOLK 
is reset to disable the synchronization of the VFO circuit. The timing chart 
of Initial Seek VFO control is shown in Figure 4-6-52. When an RTZ com- 
mand is issued to the unit, RTZ Enable (RTZE) is set and VFOLK is reset. 
The completion of an RTZ operation activates the LNMD signal, VFOLK 
and VFOFS signals. The timing chart of an RTZ vfo control is shown in 
Figure 4-6-53. 


During a non-read operation, the VFO circuit synchronizes with the PLO 
output, PLO1F, and generates VFO clock (VFOCLK). In Hard Sector mode, 
at the beginning of a read operation, Read Gate is applied to the RG True 
Detect circuit after 4-bits and is clocked by the trailing edge of the 1-Byte 
clock, CLK1. Rise Read Gate (RRG) signal, which is an output of the RG 
True Detect circuit, is applied to a 3-Byte Shift Register and then its out- 
put presets Twelve on the Lock-To-Data counter to generate a 4-Byte Lock- 
To-Data (LDATA) signal. The LDATA signal is sent to the VFO Latch cir- 
cuit on the VOFM PCB so that the VFO circuit synchronizes with RAWDT. 


On the other hand, for Variable Soft Sector mode, the Rise AM Found 
(RAMF) signal sets the Lock To Data Counter to generate the LDATA sig- 
nal. Refer to Figure 4-6-54. At the end of Read Gate, a 1-Byte Fall Read 
Gate (FRG) is detected and applied to the Lock To PLO Counter to gene- 
rate a 4-Byte Lock To PLO (LPLO) signal. The LPLO signal is sent to the 
VFO Latch circuit on the VOFM PCB so that the VFO Circuit synchro- 
nizes with PLO1F. 

LDATA and LPLO signals are converted into the VFO Fast Synchronize 
(VFOFS) signal and applied to the VFO Filter circuit to decrease the time 
constant of the Filter. This promotes faster synchronization of the VFO 
circuit with RAWDT or PLOTF. 


The VFO control block diagram and timing chart are shown in Figure 4-6-54 
and 4-6-55 respectively. 
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Figure 4-6-52 VFO Control During Initial Seek/Retract Operation 
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Figure 4-6-53 VFO Control During RTZ Operation 
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Figure 4-6-54 VFO Control Block Diagram 
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Figure 4-6-55 VFO Control During Read/Write Operation 


4.6.8 Fault and Error Detection 


4.6.8.1 General 
The faults and errors are interpreted by the unit. These conditions are sent to the 
control unit and displayed on the Maintenance Aid LED’s on the PCB chassis. 


4.6.8.2 Device Check Register 
If an error sets the Device Check (Fault) Register on the unit, the Device Check 
line is enabled to the control unit, the Maintenance Aid Display is lit by Tag De- 
code 1 and the write circuit is inhibited. Each register output is designated by 
the following six statuses: 
(1) Control Check 1 (Status 0) 
e (RG+WG) : (URDY) 
e AHDSL- UNSO: (RG+WG) 
@ (OFACT+AHTAG1) - (UNSO+URDY+SKERR) 
e URDY: RTZ 
(2) Contro! Check 2 (Status 1) 
e WG: (RG+OFACT+SKERR) 
(3) Read/Write Check 1 (Status 2) 
e AHDSL: ONCYL: WG 
@ VCMHT (VCM Over-heat) 
e INTMOT (Initial Seek Time Out) 
(4) Read/Write Check 2 (Status 3) 
e WG -WECHO+WG - WECHO 
(5) Read/Write Check 3 (Status 4) 
e WG: FPTD 
(6) Read/Write Check 4 (Status 5) 
e (WG+RG):MLTSL 
The Device Check status is cleared by any of the following: 
e@ Check clear key on the optional operator panel 
@ Check clear key on the PCB chassis 
@ Device check clear signal from the control unit. 


4.6.8.3 Seek Check Latch 
If a seek malfunction has occured in the unit, the malfunction will set the Seek 
Check Latch, enable the Seek Error (SKERR) line to the contro! unit, and light 
the Maintenance Aid Dispay by Tag Decode 3. Each latch output is designated 
by one of the following six statuses: 
(1) Seek Check 0 (Status 0) 
® Time-out in Direct or RTZ seek 
(2) Seek Check 1 (Status 1) 
e Any Guard Band in Direct Seek 
(3) Seek Check 2 (Status 2) 
e Any Guard Band in Linear mode 
(4) Seek Check 3 (Status 3) 
e OGB in Go To Zero mode 
(5) Seek Check 4 (Status 4) 
e Linear mode is lost during Settling Time 
e@ Over track-crossing-pulse in Settling Time 
(6) Seek Check 5 (Status 5) 
e@ = |llegal cylinder address. 
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section 5 
Trouble Shooting Guide 


5. TROUBLE SHOOTING GUIDE 


5.1 INTRODUCTION 


This section will be contain trouble shooting flow charts according to the error status 
on the disk unit and control unit. 


Note: It is recommended that before any operations, maintenance personnel read care- 
fully Section 6 Maintenance and fully understand the details of the procedures 
and tools required. 


Inspect each item in this list before applying power to the unit after installation. 

. Ensure that the AC line conditions satisfy the unit requirements. 

. If the control unit does not utilize Pick/Hold power sequencing lines, select “Local” 
mode on the power supply unit. 

. Inspect interface cables to ensure pin 1 on the cable goes to pin 1 of the connect 
both at the unit and control unit. 

If the unit is in daisy chain with another unit, make sure the last unit has a Line 
Terminator (LTN) installed. 

5. Ensure that the actuator lock is in the “OFF” position. 

6. Ensure that the spindle drive motor lock is in the “OFF” position. 

7, Ensure that the motor pulley and belt tension are correct per the AC line frequency. 

8. Ensure that the spindle grounding plate (anti-static brush) is properly positioned. 
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. Ensure that the proper logical unit number (LUN) of the unit is selected on the 
PCB and that each LUN is unique to only one unit. 

. Ensure that Hard/Soft sector mode is selected per the system configuration. 

. In the case of Hard Sector (fixed sector length), ensure that the correct sector 
count is set on the VOFM PCB, 

12. Ensure that Tag 4/5 Enable/Disable per the system configuration. 

13. Ensure that all PCB assemblies are firmly seated. 


5.2 ERROR STATUS 
The disk unit and/or the control unit will issue the following statuses. 


Table 5-2-1 Error Status 


NOT READY NOT READY status results it disk drive is not ready. 


READ ERROR READ ERROR status results it a data error has occurred in read operation. 


AM MISSING status indicates that AM (Address Mark) has not found in AM 


AM MISSING read operation. 


Maintenance Personnel can see the unit status on the Maintenance Aid Display at the 
rear of the PCB chassis in the unit. Each status is defined by decoding status tags (0 to 
3) as shown in Table 5-2-2. 
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Table 5-2-2 Maintenance Aid Display 


Tag Decode Tag Decode 0 Tag Decode 1 Tag Decode 2 Tag Decode 3 
F Seek or RTZ 
Control Check 1 Unit Selected 
Control Check 2 Rae SREter Seek Guard Band 
On Cylinder a be arg 
Read/Write Check 2 File Protected ee 
pasa Cid Ov Trek 
Initial Seek Time ; Itlegal 
Out Read/Write Check 4 | Access-Head selected Cylinder Address 
a ¥ URDY.DVCK. URDY.DVCK. 


The trouble shooting guide is provided with the Error Code which is defined by 
the Maintenance Aid Display LED’s. Each error code is represented in hex, in 
which TG2 is MSB (Most Significant Bit) and STO is LSB (Least Significant Bit). 
The error codes are shown in Table 5-2-3. 


Status 0 Power Ready 


Status 1 Channel Ready 


Status 2 Speed OK Read/Write Check 1 


Status 3 Start 1 


Status 4 


Status 5 


Table 5-2-3 Error Code 


wea [elo |o fe fo [eo [il © | mrawnmm 


Not Speed OK 


rote fepepe [+ [rmemor 
Fem pepefelefe[e [x]: [more 
rene To fefepefs [a [et 
Prone efoto fate [ efx: [mere 


Not Ready 
Status 


Device Check 
Status 


Seek Check 
Status 


*1) Error Code “3F” activates DVCK status, which is issued to the control unit and lights the DVCK LED on the 
optional front panel. 


*2) “X" is irrelevant. 
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5.3 TROUBLE SHOOTING SYMBOL 
The trouble shooting flow chart contains the procedures to pursure trouble causes start- 
ing from an error status. 


The following conventions are provided to aid understanding the symbols used in this 
trouble shooting flow charts as shown in Table 5-3-1. 


Table 5-3-1 Symbol of Flow Chart 


Symbol Description 


Terminals. Starting point of the trouble. 


Decision, go ahead according with YES or NO. (Reference test point.) 


Connector, go ahead same-numbered symbol in same sheet, 


Connector, go ahead same-numbered symbol in another sheet. 


Process 


5.4 TROUBLE SHOOTING FLOW CHART 
In this paragraph, the following flow charts are provided. 


Fig. 5-4-1 
Fig. 5-4-2 
Fig. 5-4-3 
Fig. 5-4-4 
Fig. 5-4-5 
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Figure 5-4-1 Not Ready Flow Chart (Sheet 1 of 6) 
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Figure 5-4-1 Not Ready Flow Chart (Sheet 2 of 6) 
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Figure 5-4-1 Not Ready Flow Chart (Sheet 3 of 6) 
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Figure 5-4-1 Not Ready Flow Chart (Sheet 6 of 6) 
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Figure 5-4-2 Device Check Flow Chart (Sheet 1 of 6) 
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Figure 5-4-3 Seek Error Flow Chart (Sheet 1 of 7) 
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Figure 5-4-3 Seek Error Flow Chart (Sheet 3 of 7) 
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Figure 5-4-3 Seek Error Flow Chart (Sheet 4 of 7) 
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6. MAINTENANCE 


6.1 INTRODUCTION 


This section covers on maintenance of the unit, and is divided into General Precaution, 
Preventive Maintenance, Maintenance Equipment, Parts Replacement and Adjustment, 
and Electrical Checks and Adjustment items. 

6.2 GENERAL PRECAUTIONS 


6.2.1 Power ON/OFF 
(1) Check the operating condition of the device before turning the power on and 
off. 
(2) Before turning the power on after maintenance, check that all the printed- 
circuit boards are mounted in the correct position. 


6.2.2 PCB Assembly and Connector Removal 
(1) Always turn the power off before removing and inserting printed-circuit 
boards and connectors. 
(2) Always insert the printed-circuit boards along the printed-circuit board 
guide. 
6.2.3 Parts Replacement 
(1) Use screwdrivers, wrenches, and other tools matched to the size of the screws 
and bolts. 
(2) Do not leave removed screws in the device. 
(3) Tighten all the screws securely. 


6.2.4 Others 
(1) Use test equipment that has been correctly calibrated. 
(2) Always record the data and its processing for later reference when trouble 
occurs. 


6.3 MAINTENANCE TOOLS AND EQUIPMENT 


Table 6-3-1 Maintenance Tools and Equipment 


Tool and equipment 


Oscilloscope TEKTRONIC 475, or equivalent 
Oscilloscope probe (X10) TEKTRONIX P6053B, or equivalent 


Digital multimeter 
PCB extender B16B-3190-0010A 


Screwdriver 


Hexagon Wrench 


Wrench or crescent wrench 


6.4 PREVENTIVE MAINTENANCE 
No special preventive maintenance is necessary. 

6.5 MECHANICAL PARTS REPLACEMENT AND ADJUSTMENT 
When replacing mechanical parts, always lock the spindle and actuator. 


6.5.1 Disk Enclosure 
The disk enclosure (DE) is attached to the sub-frame with three nuts. To replace 
the DE, proceed as follows: 
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Remove these three nuts and replace DE. 


(1) Grounding Plate 
Figure 6-5-1 Disk Enclosure Replacement 


(A) Removal 

(1) Remove grounding plate between gate shelf and sub-shelf of unit. (Top 
side) 

(2) Disconnect wiring (CN2, CN3 and CN5) from the gate shelf. 

(3) Lock actuator. (Refer to 3.4.4) 

(4) Remove belt in accordance with 6.5.4. 

(5) Remove three nuts shown in Fig. 6-5-1 from rear of sub-frame. 

(6) Remove DE by lifting it slowly, being careful not to damage any of the 
wires. 

Note: Be careful not to lose disk enclosure isolating bushing (polyaceta!: 

white) threaded part when replacing disk enclosure. 
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DE Pa 
DE mounting screw 


Isolating Bushing ED 
(polyacetal) <a> 


Sub frame 


Washer (F6-WM-8S) 
Washer (F6-WB-8S) a 
Figure 6-5-2 DE Installation 


(B) Installation 
(1) Fasten Disk Enclosure to the sub-frame as illustrated in Fig. 6-5-2. 
(2) Install belt in accordance with para. 6.5.4. 
(3) Unlock acutator (See para. 3.4.4). 
(4) Fasten connectors (CN2, CN3, CN5) coming from disk enclosure. 
(5) Install grounding plate between gate shelf and sub-shelf of the unit. 


Note: After DE replacement, the adjustments of SDIM PCB assembly 
are required as described in 6.6.3.1 to 6.6.3.3. 


6.5.2 Spindle Drive Motor 
The spindle drive motor is fastened to the sub-frame. 
To replace this motor, proceed as follows: 


Drive motor 


Shaft assembly 


E-type snap ring 


Sub frame 
Figure 6-5-3 Disk Drive Motor Replacement 
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(A) Removal 

(1) Disconnect motor cable from TRM2. 

(2) Remove belt in accordance with para. 6.5.4. 

(3) Remove E-type snap ring shown in Fig. 6-5-3, and pull out the motor 
from shaft. 

(B) Installation 

(1) Install motor, and fasten it to shaft with E-type snap ring shown in Fig. 
6-5-3. 

(2) Install belt in accordance with para. 6.5.4. 

(3) Connect motor cable by terminal numbers of TRM2. 

6.5.3 Motor Pully Replacement 
To replace the motor pulley and change from 60Hz to 50Hz, proceed as follows: 
Refer to Fig. 6-5-4. 
(A) Removing motor pulley 

(1} Remove belt in accordance with para. 6.5.4. 

(2} Loosen and remove two screws A. 

(3) Insert removed screws A into threaded holes in holder, and remove 
the holder by tightening screws alternately. 

(4) After removing holder, remove pulley from motor shaft. See Fig. 6-5-4. 

(B) Installing motor pulley 

(1) Check line frequency. Large diameter of pulley is for 50Hz and small 
diameter is for 60Hz. Refer to Pulley Label. 

(2) Insert the pulley onto shaft with specified frequency side on top, and 
push the pulley until it butts against “A” surface of shaft. 

(3) Then insert holder onto taper of pulley, making sure that taper of 
holder matches taper of pulley, and align screw holes of pulley 
with unthreaded holes of holder. 

(4) Pass screws A through holes of holder and fasten the pulley to motor 
shaft by tightening screw “A” alternately. 

(5) Insert belt in accordance with paragraph 6.5.4. Belt must be at center of 
pulley when it is rotating. 
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Pulley direction 


60Hz 50Hz 
Motor Motor 
A surface 
Drive motor shaft 
Belt Belt 
Pulley Pulley 
(small diameter) (large diameter) Flat belt 


60 Hz side 


50 Hz side 


Motor pulley 


Taper alignment 


Holder 


Screw A (2) 
(Hexagon socket head bolt) 


When installing pulley, 
pass screws A through 
these holes and tighten 
holder. 


Motor pulley 


When removing pulley, insert screws 
A into these holes and pull holder by 
tightening two screws alternately. 


Figure 6-5-4 Motor Pulley Replacement 
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(C) Readjustment of belt tension 
After changing the motor pulley to meet a different power line frequency, 
make it a rule to readjust belt tension. 
Tension adjustment label is located beside the side of the slider (see Fig. 
6-5-5). Adjust belt tension with screw “D” so that the rear edge of the slider 
is aligned to proper reference line of tension adjustment label. 
According to power line frequency and type of device installation, there are 
four setting positions (reference lines). The relation between installation 
position and line frequency are shown on pulley label put on motor cover. 
Pulley label is shown in Fig. 6-5-6. 


Tension spring Slider 


Screw D 


een 


60 Hz reference line 


50Hz reference line (Horizontal) 
(Vertical) 


Tension adjustment label 


In case of 6OHz frequency 


Figure 6-5-5 Belt Tension Adjustment 


TENSION MARK 


| 50H 60H | DEVICE IS INSTALLED HORIZONTALLY 
50V 60V 


DEVICE IS INSTALLED VERTICALLY. 


Figure 6-5-6 Pulley label 


6.5.4 Belt Replacement 
To replace belt proceed as follows: 
(A) Removing belt 
(1) Loosen screws “‘B” (2) and remove screws “‘C’”’ (2) shown in Fig. 6-5-7, 
and remove spindle cover and motor cover. 
(2) Lock spindle (see para. 3.4.3). 
(3) Loosen belt by loosening screw “D’’ of Fig. 6-5-6 with a hexagon 
wrench, and remove belt. 


Motor cover Flat belt Screw *’B” (2) Spindle cover 


Screw "'C” 
(2) 


Screw ‘'D’* 


Rotation Direction Mark 


Figure 6-5-7 Belt Replacement 


(B) Installing belt 
(1) Position the belt, and adjust belt tension. Adjust belt tension with screw 
“D”’ so that the rear of slider is aligned to the correct line on the tension 
adjustment label as shown in Fig. 6-5-5. 
(2) Unlock spindle (see para. 3.4.3). 
(3) Adjust spindle grounding in accordance with para. 6.5.5. 
(4) Install motor cover and spindle cover. 
6.5.5 Spindle Grounding Plate (Anti-static Brush) 
To replace and adjust spindle grounding plate proceed as follows (see Fig. 6-5-7). 
(A) Replacement 
Spindle grounding plate is replaced by removing screw ‘‘E”’ (2). 


(B) Installation and adjustment 
Confirm that the center of the spindle shaft is at the center of the spindle 


grounding contact, and tighten spindle grounding plate. 
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Center of spindle shaft 


Spindle pulley 


Spindle grounding Spindle grounding plate 


contact 


Screw “E" (2) 


Figure 6-5-8 Spindle Grounding Plate Replacement and Adjustment 


6.5.6 Speed Transducer 
The speed transducer is used to detect the speed by detecting the projection at- 
tached to the spindle pulley. 
(A) Removal 
(1) Remove disk enclosure as described in para. 6.5.1. 
(2) Loosen screw “F” (2) shown in Fig. 6-5-9, and remove holder plate. At 
this time, also remove the speed transducer assembly. 
(3) Loosen screw “G” (2), and replace the speed transducer assembly. 


7 Facing center of spindle 


Speed Transducer ‘\ a 


Screw “F" (2) > - 
a Projection 
Screw “G" (2) 
‘ Holder plate 
1.5 to 2.0mm 
0.5mm 
Projection 
Preliminary 


Figure 6-5-9 Speed Transducer 


(B) Installation 

(1) When installing the speed transducer, adjust so that it does not touch the 
pulley and projection. Refer to Fig. 6-5-9. 
Moreover, center of the speed transducer must be facing center of spindle. 
After adjustment, retighten screws. 

(2) Fasten Disk Enclosure to sub-frame as described in 6.5.1. 

(3) Rotate the spindle pulley by hand in proper direction and ensure that 
projection of the pulley does not contact the speed transducer. 
Also ensure that there is a gap (about 0.5mm) between the speed trans- 
ducer and belt when the belt is shifted up to the speed transducer. 


6.5.7 Blower Replacement 
The blower is installed on the bottom, front of the sub-frame, and blows air 
through a duct in the sub-frame to cool the sub-frame, PCB assemblies and 
motor. 
To replace the blower, proceed as follows: 
(A) Removal 
(1) Disconnect blower cable from TRM3. 
(2) Remove screws “H” (4), and remove blower. 
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Screws “‘H" (4) Sub frame 


Blower 


Figure 6-5-10 Blower Replacement 


(B) Installation 
(1) When installing blower, be sure that outlet of blower is pushed tightly 
against duct so that there is no air leakage. 
(2) Connect blower cable by matching numbers on wires to terminal numbers 
of TRM3. 


6.5.8 Brake Relay 
Replace relay by removing holder. Remove holder by pulling it in directions of 
arrows in Fig. 6-5-11. 


Holder 


Belay Pull 


Figure 6-5-11 Replay Replacement 


6.6 PCB ASSEMBLY REPLACEMENT/ADJUSTMENT 


6.6.1 PCB Assembly Arrangement 
The following Printed Circuit Board assemblies are mounted in the PCB chassis. 
To remove these PCB’s, remove the top cover of the PCB chassis by loosening 
to screws, and then pull the levers on the PCB assemblies. 


The PCB arrangement of the FDU M228xX is shown in Table 6-6-1. 


Table 6-6-1 PCB Arrangement 


M2282 M2286 
M2280 M2289 


M2283 M2287 
M2284 M2288 


PCB Chassis ROVM RQWM Read/Write Circuit 


Servo Circuit 


Seek Control 


PCB Chassis 
PLO/VFO 


Interface Control 


6.6.2 Test Point Arrangement on the PCB 
Each PCB assembly is provided with test points and potentiometers to check 
and/or adjust the circuit functions. 
(1) RQVM/ROWM PCB 
The test points and potentiometers are located on the ROVM/ROWM PCB 
assembly as shown in Fig. 6-6-1. 


Note: No Adjustments are required when the PCB is replaced. 


Figure 6-6-1 ROVM/ROWM PCB Test Points 
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Table 6-6-2 ROVM/ROWM PCB Test Points 


Schematic 
Page Code 


Abbreviation Signal Name 


+ 
BA 

2 

° 


*DIGLT 
Not Used 
PLSH 1 
PLSH 2 
SMPCK 
RAWDT 1 
RAWDT 2 
INTLT 1 
INTLT 2 
DFROT 1 
DFROT 2 
AGCOT 1 
AGCOT 2 
PROT 1 
PROT 2 
MLTSL 
PWRDY 
AHWC A 
AHWC B 
*UNSF 
Not Used - 

FHPRT FHD Protect 

FHWC A FHD Write Current A 
FHWC B 
25 *SQCHG 


Diag Latch EA1 


Pulse Shaper 1 EA2 


Pulse Shaper 2 
Sample Clock 


Raw Data 1 


~ 


Raw Data 2 


m 
nN 


Integrator Latch 1 


Integrator Latch 2 


Differentiator Output 1 


Differentiator Output 2 EA2 
AGC Output 1 EA2 
AGC Output 2 EA2 


(cH y Pre-Amp. Output 1 EA2 


le_ 
< 


mim 
> 
w | & 


Pre-Amp. Output 2 EA2 
Multi-Selected 


17 
18 


A 
AHD Write Current A EA1 
AHD Write Current B 


Power Ready 


Unsafe EA1 


2 


= 


EB1 


nN 
aa 
iw] 
= 
= 
= 
o 
Oo 
c 
3 
@ 
3 
eo 
bee] 


The ROVM/ROWM PCB assembly is provided with two/one potentiometers, 


however, no adjustments are required when the PCB 
potentiometer function is shown in Table 66-3. 


Table 6-6-3 ROVM/RQWM Potentiometer Function 


Function/Adjustment Reference TP 


Access Head Write Current 


TP18/TP19 


Fixed Head Write Current TP22/TP23/TP24 


* This potentiometer is for only, RQVM, however, is not adjustable in field. 


is replaced. Each 


BO3P-4580-0100A...B 


(2) SDIM PCB 
The test points, potentiometers, and switches are located on SDIM PCB 
assembly as shown in Fig. 6-6-2. 


Zh 


Each test point function is shown in Table 6-6-4. 


Figure 6-6-2 SDIM PCB Test Points 


Table 6-6-4 SDIM PCB Test Points 
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= 
SPOON OO AWD = 


a as 
WN = 


NM we ee eo oo 
-C OMNI OAH A 


Abbreviation 


SERVO 
ODG 
EVG 
AGC 
ODP 
Eve 
+POS 
VCx1 
Not Used 
SVPWD 
SVSLT 
SVPL 
PLOSS 
PLOLT 
1/8 F 
EIX 
TRFEL 
TXPL 
DRLM 
FWDD 
CMAG 


Signal Name 


Servo Signal 

Odd Gate 

Even Gate 

AGC Control! 

Odd Peak 

Even Peak 

Position Signal 
Control Voltage 1 
Servo Pulse Window 
Servo Slice Out 
Servo Pulse 

PLO Single Shot 
PLO Latch 

1/8 Frequency 
Even Index 

Track Follow 

Track Crossing Pulse 
Drive Linear Motor 
Forward Drive 
Current Magnitude 


6-13 


6-14 


Table 6-6-4 SDIM PCB Test Points (Continued) 


gree Schematic 
22 PER CB2 


Position Error 


FUNC Function CB3 


Velocity 
Smoother 
DA Convertor 
Tach Velocity 
Current Sense 
Velocity Error 
Power Amp Drive 


The SDIM PCB is provided with eight potentiometers and five selecting 
switches, however, only the three potentiometers (RV1, RV2 and RV4) 


must be adjusted when the PCB is replaced. 


The potentiometer and switch functions are shown in Table 6-6-5 and 6-6-6. 


Table 6-6-5 SDIM Potentiometer Function 


TP19 
TP7 
TP23 


Positioning Time* 
Position Signal Gain* 
Function Offset 


Over-shoot TP24 
PLO Free Frequency TP15, $2, S83 
PLO Phase TP13 
DA Output TP26 


Servo Pulse Window TP10 


* The potentiometer RV1, RV2 and RV4 require adjustment when the SDIM PCB is repiaced. 


Table 6-6-6 SDIM Switch Function 


Reference 
TP 


$1 Power Amp. Drive Cut None 
$2,53 VCO Select TP15 


Note: $4and $5 functions are not used. 


(3) CM!IM PCB 


The test points, check terminals and a potentiometer are located on CMIM 


PCB assembly as shown in Fig. 6-6-3. 
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Note: No adjustments are required when the CMIM PCB assembly is replaced. 


Figure 6-6-3 CMIM PCB Test Points 


Each test point function is shown in Table 6-6-7 and 6-6-8. 


Table 6-6-7 CMIM Check Terminals 


Abbreviation 


GND 
VFOFS 
STL 1 
STL 2 
STL 3 
OVCYTM 
GBTM 


Signal Name 


Ground 

VFO Fast Sync 
Settling 1 
Settling 2 
Settling 3 


Over Cylinder Timer 


Guard Band Timer 


Table 6-6-8 CMIM Test Points 


Abbreviation 


Signal Name 


Outer Guard Band 
Inner Guard Band 1 
Inner Guard Band 2 
Seek End 

On Cylinder 


Unit Ready 
Seek Error 
Seek Complete 


Sub Enable 
Even 

Position Drive 
Linear Mode 


Schematic 
Page Code 


Schematic 
Page Code 
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Table 6-6-8 CMIM Test Points (Continued) 


DRLM 
LSPD 
FWDD 
*OVTXPL 


GND 
TMOTP 
RTRM 
SEKM 
GTZM 
*PLO 1B 
*OFACT 
AHDSL 
USLD 


The CMIM PGB is provided with a potentiometer (RV 1), however, no adjust- 
ment is required when the PCB is replaced. The potentiometer function is 
shown in Table 6-6-9. 


Schematic 


Drive Linear Motor 
Low Speed 
Forward Drive 
Over Track Crossing 


Time Out Pulse 
Retract Mode 
Seek Mode 

Go To Zero Mode 
PLO 1 Byte Clock 
Offset Active 
Access Head Select 
Unit Selected 


Table 6-6-9 CMIM Potentiometer Function 


(4) VOFM PCB 


The check terminals, switches, and potentiometers are located on the VOFM 


Function/Adjustment Reference CH 
Settling Time 1 CH2 


PCB assembly as shown in Fig. 6-6-4. 


TPI6= 
TPeisem =| 83 


TP1I4c= 


Note: $1 and $2 must be selected when the PCB is replaced. 


Figure 6-6-4 VOFM PCB Test Points 


Each test point function is shown in Table 6-6-10. 
Table 6-6-10 VOFM Check Terminals 


Schematic 


Abbreviation Signal Name Page Code 


VFOSS VFO Single Shot 
VFODIF VFO Difference 
TRDT Trigger Data 

VC VFO Control Voltage VFO 
VCOT VCO Output 
FLTCNT Filter Control 
FLTSQH Filter Squelch 
PLOSS1 PLO Single Shot 1 
*1/16 FP 1/16 F Pulse 

DLTP Delta Positive 

DLTN Delta Negative 
FLTOT Filtered Out 

VC PLO Control Voltage PLO 
2F EY 2F Early 

2F OT 2F Ontime 

2F LT 2F Late 

PLOSS 2 PLO Single Shot 2 
SCT Sector 

INX Index 


= 
SPC OWN DOA WH = 


= 
= 


a 
a fn WN 


= 
a 


— 
~ 


= = 
oO 7 
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Table 6-6-10 VOFM Check Terminals (Continued) 


Data Sample DE1 
Data Window DE1 
Contro! Voltage VFO 


The VOFM PCB assembly is provided with potentiometers and switches, 
however, no adjustments except SW1 and SW2 are required when the PCB is 
replaced. These functions are shown in Table 6-6-11. 


Table 6-6-11 VOFM Potentiometer/Switch Function 
TP4 


PLO Frequency TP13 
PLO SS2 TP17 


VFO Frequency 


Time Margin Measurement CHE1/CHE2 


Sector Counting 1 TP18/TP19 
Sector Counting 2 TP18/TP19 

VFO Single Shot TP1 

Write Compensation TP14/TP15/TP16 


(5) CMKM PCB 


The test points and potentiometers are located on the CMKM PCB assembly 
as shown in Fig. 6-6-5. 


00 0 0 


CH1 CH2 CH3 CH4 


Note: No potentiometer adjustment is required when the PCB is replaced, however, the switch selecting should be performed 
to meet the customer’s configuration. 


Figure 6-6-5 CMKM PCB Test Points 


Each test point function is shown in Table 6-6-12. 
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Table 6-6-12 CMKM Test Points 


Abbreviation Signal Name 


GND . - 

LPLO Lock to PLO 
LDATA Lock to Data 
AMFD AM Found 

RG Read Gate 
PWRCNF Power Conflict 
VCMHT VCM Heat 
INTMOT Initial Time Out 
DVCK Device Check 


GND - 

WENB Write Enable 
AHDSL Access Head Select 
INX Index 

SCT Sector 

START Start 

GBENB Guard Band Enabie 
SPOK Speed OK 


CHENB 2 Channel Enable 2 


SPSG Speed Signal 

SPTM Speed Timer 
INHECH Inhibit Echo 
DLWG Delayed Write Gate 
-5V —5V 


The CMKM PCB is provided with a potentiometer (RV1) and switches. 
These functions are shown in Table 6-6-13. 


Table 6-6-13 CMKM Potentiometer/Switch Function 


Speed Timer 


Disk Address 
Device Type/Sector Mode/TAG 4/5 


6.6.3 Adjustment After PCB Replacement 
When a PCB assembly is replaced, the following adjustments and selections are 
required on the unit. 

Adjustment : Position Signal Adjustment (SDIM) 
Overshoot Adjustment (SDIM) 
Positioning Time Adjustment (SDIM) 
Selection : Disk Address (CMKM) 
Device Type (CMKM: option) 
Sector Mode (CMKM) 
Tag 4/5 Enable (CMKM: option) 
Sector Count Selection (VOFM) 
Mount Direction (GBGM) 


6.6.3.1 Position Signal Adjustment (SDIM) 

(1) Confirm that the unit has normal status. 

(2) Issue the alternate seek command between Cylinder 0 and 512 repeatedly. 

(3) Connect the test point TP19 (DRLM) to an oscilloscope and trigger with the 
positive going edge of the signal (DC coupled). 

(4) Connect the test point TP7 (+POS) to the other channel at the oscilloscope 
(DC coupled). 

(5) Adjust a potentiometer RV2 so that +POS (TP7) is 8 + 0.4V (peak-to-peak). 
Refer to Figure 6-66. 

Note: For coarse adjustment, issue the RTZ command and then adjust accord- 

ing to item (5). 


TP7 (+POS) Vp 


(Seek) WH MWe --——-—-—---—--- | 


Vp =80+04V 


TP7 (+POS) Vp 


(ntz) 8=—<—~ ;3}Hti(<i<zxX a aa er NN Bi 


Figure 6-6-6 Position Signal Adjustment 


6.6.3.2 Overshoot Adjustment (SDIM) 

The Overshoot adjustment should be performed after Position Signal adjustment 

and Mount Direction setting. 

(1) Confirm that unit has normal status. 

(2) Issue the alternate seek command between Cylinder 0 and 8 repeatedly. 

(3) Connect the test point TP19 (DRLM) to an oscilloscope and trigger with the 
positive going edge at the signal (DC coupled). 

(4) Connect the test point TP7 (+POS) to the other channel at the oscilloscope 
(DC coupled). 

(5) Adjust the Position Signal transient (overshoot) to linear mode with a 
potentiometer RV4 according to Figure 6-6-7. 
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TP19 (DRLM) 


TP7 (+POS) 


No Good 


Good (Overshoot: 0 to 1.0V) 


Overshoot 


Figure 6-6-7 Overshoot Adjustment 


No Good (Excessive Overshoot) 


6.6.3.3 Positioning Time Adjustment (SDIM) 

(1) Confirm that unit has normal status. 

(2) Issue the alternate seek command between Cylinder 0 and 512 repeatedly. 

(3) Connect the test point TP26 (—DA) to an oscilloscope and trigger with the 
negative going edge of the signal (DC coupled). 

(4) Adjust the decelerate time (Tdc) with a potentiometer RV1 to 13ms+1ms. 

(5) Connect the test point TP30 (PADR) to an oscilloscope triggering with the 
positive going edge of TP19 (DRLM). 

(6) Check the Vdc amplitude. If the Vdc amplitude is greater than 6.0V, adjust 
the potentimeter RV1 to be equal to or less than 6.0V. In this case, the 
specified Tdc may be greater than the specified time in item (4). 

(7) After the Positioning Time adjustment, confirm that the Overshoot adjust- 
ment is correct. Refer to Figure 6-6-8. 
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TP19 (DRLM) _— = ax 


TP26 (-DA) ra 


(-6.8V +0.2V) 
Tdc = 13ms+1ms = Tde 


TP30 (PADR} 


Vde <6.0V 


Figure 6-6-8 Positioning Time Adjustment 


6.6.3.4 Mount Direction 
When the unit is installed horizontally or vertically, the selecting plug should be 


selected on V-H switch as shown in Fig. 6-6-9. 


Horizontal Mount ° 


Vertical Mount o 


Figure 6-6-9 Mount Direction 
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6.6.3.5 Sector Count Selection (VOFM) 
When the VOFM PCB assembly is replaced, the required number of sectors 
should be selected on SW1 and SW2 as follows: 


Sector selection switches SW1 and SW2 are located at L2 and L1 respectively 
on VOFM PCB assembly. 


Each key of SW1 and SW2 represents binary Byte clock, as shown in Table 
6-6-14. 


Table 6-6-14 Sector Selection Key 


Location: VOFML2 Location: VOFML1 


To position the proper keys on SW1 and SW2 according to the customer's 
requirement, calculate the Byte number by the following formula; 


Bytes/Revolution 


Bytes/Sector = = ——_——_—_____ 
M r Number of Sector 


Bytes/Revolutions = 20,480 Bytes 


Example for 8-Sector Format 


Bytes/Sector = 20480) 
= 2,560 Bytes 
Keys to beclosed SW2 5= 2,048 
= 256 
= 128 
SW1 7= 64 
= 32 
= 16 
= 8 
= 4 
= 2 
= 1 
Sector Counter Reset Clock 1 
2,560 
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Refer to Table 6-6-15. 


Table 6-6-15 Sector Selection 


[| swi | sw2 Last Sector 
ee 
ee ee.) 
1111111 [1111100 aoe | oOo | 
froioroiloiorsoo| aaa |e 
7 [1or1r0irforsoroo | zee |? 
fi10a011|1000100| 2276 | 


Pristitt[ti11000| 2048 

frorooor[orsto00| 1162 | 
r z 
i1100r0foorroo0| 15% | a _| 
frorooo| 10a |? —_—+ 
roro101foror1000| 1368 | 10 —+ 
ritt111[roore00| 120 [oY 
foorori0| ee 
i ed 


17 


0010110/1001000 1,205 


0101111/0110000| 891 | 


976 
fr100110 [0110000 | 
27 _[or10+11]10r0000| 9 _| 
28 11011013}1010000 732 

roro1010|10+0000| ss 
31 [oo1o100|t010000| est 


0101101 —22 


1001001 |0010000 sso | 80s 
0001110/0010000 569 


0101100[0010000 539 
torirooojooio000| 526 | 


[1100111[1100000| 500 | 20 
1110011|1100000 eee 


0011101/)1100000 477 —31 
1000101]1100000 


| 43 | 
| 44 | 
| 45 | 
[a6 [rorsito] 00000 


—2 
—16 
-8 
—16 


[e%) 
o!|o 
o1o 
Ce al 
o;o 
o|;o 
o|o 
o|o 


37 
38 


42 


Table 6-6-15 Sector Selection (Continued) 


[sw [awa Last Sector 
fizsase7|i2aese7| yer 


0101010|1100000 42 
3 


1000010/ 1100000] 
1001100/ 1100000 
1000100|1100000| 
1001000[1100000| 
0100000/ 1100000] 8 
1101111|0100000 
To rg888e 373 
1000011/0100000| 
62 |0101001/0100000 
63 |1010001|0100000 
64 eee ereegaa 
67 |1000110|/ 0100000] 306 
68 | 1011010/0100000 302 
eorerstereoeoe 297 
70 |0010010/0100000) 


0000010/;0100000 


0011100|0100000 
1111111/1000000 256 
1000000 


Notes: 1. ‘1'' indicates that the key is set to ON side. 
2. “0” indicates that the key is set to OFF side. 
3. The last sector is equal or shorter than nominal sector. 


(=) 


7 
7 


°o 


a 
~ 
o 


354 
348 
342 


IS 


2 


336 
331 
326 
320 


—13 


72 


= 
4 Jy 
@|w 
o}/a!/o 


6-25 


6.6.3.6 Disk Address (CMKM) 
Disk Address 0 to 7 is selectable at SW1 on location J1 on CMKM PCB assem- 


bly. 
Set the desired disk address by three keys on SW1 in binary code as shown in 
Table 6-6-16. 


Table 6-6-16 Disk Addressing 


J1 (CMKM) 


Figure 6-6-10 Disk Address 


6.6.3.7 Device Type (CMKM: Optional) 
If the system uses Tag 4 and Tag 5, the specified device type must be set using 
six keys on SW2 at location P3 on the CMKM PCB assembly according to Table 


6-6-17. 
Table 6-6-17 Device Type (Optional) 


Oeics [pean Kev | Kev? | Rey | Weve ] 

Tyee |number [Te te | 2 
Fuazea | _20| ort | or | on | oFF 
fw22a0 | 21 | 
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P3 (CMKM) 


Figure 6-6-11 Device Type 


6.6.3.8 Sector Mode (CMKM) 
The customer can select Hard Sector mode (1 to 128) or Variable Soft Sector 


mode (using Address Mark function) on SW2 at location P3 the CMKM PCB 
assembly, 


In the case of Hard Sector mode, the customer must set the number of sectors 
per disk revolution as described in 6.6.3.4. 


In the case of Variable Soft Sector mode, setting the number of sectors per disk 
revolution is not required. 


Table 6-6-18 Sector Mode 


Hard Sector 


Variable Soft Sector | on | 


SW2 


P3 (CMKM) 
Figure 6-6-12 Sector Mode 


6.6.3.9 Tag 4/5 Enable (CMKM) 
FDU M228xX provides Tag 4 and Tag 5 functions, however, the customer may 
disable or enable these functions at SW2 (Key 8) at location P3 on the CMKM 


PCB assembly. Disabling the Tag 4/5 functions inhibits the receivers of Tag 4 
Tag 5. 
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Table 6-6-19 Tag 4/5 Enable 


sw2 


P3 (CMKM) 


Figure 6-6-13 Tag 4/5 Enable 


6.6.4 Electrical Check and Adjustment 
The following description is for electrical checks and adjustments when the error 
and/or fault has occurred in the unit, or the repair has been performed. 


Caution: Do not performed the following adjustments when the PCB is replaced. 


6.6.4.1 ROVM/ROWM PCB 
(a) Access Head Write Current Adjustment (EA1) 

1. Confirm that the unit has normal status. 

2. Connect the test point TP18 (AHWCA) to an oscilloscope and connect 
the test point TP19 (AHWCB) to the other channel of the oscilloscope 
with INV mode. 

3. Issue the seek command to Cylinder 0 and Head 0. 

4. Issue the write command to proper number of records. 

5. Add the two channel (differential mode) and adjust the potentiometer 
RV1 so that the difference is 460mV + 10mV. 

(b) Fixed Head Voltage Fault Protect (EB1) 

This adjustment is used to inhibit the write circuit when +5V power falls 

below +4V approximately. 

This adjustment requires a special tool, therefore, do not adjust it in the 

field. 

6.6.4.2 SDIM PCB 
(a) Servo Pulse Window (CA1) 
1. Connect the test point TP10 (SVPWD) to a channel of the oscilloscope. 
2. Adjust the potentiometer RV8 so that following Tss is 345ns + 10ns. 


TP10 ee ee 


Tss 


Tss = 345ns + 10ns 


Figure 6-6-14 Servo Pulse Window 
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(b) PLOI Free Running Frequency (CA2) 


— 


(c 


i<o) ONOOIRWNH = 


. Turn the power off. 

. Set the switch S1 to the OFF position. 

. Clamp the CMKM-TP17 (GBENB) to OV. 

. Turn the power on, and wait 40 seconds. 

. Connect the TP8 (Vcx1) to an oscilloscope (DC coupled.) 

. Adjust the potentiometer RV5 so that TP8 signal is + 2.5V + 0.1V. 

- Connect the test point TP15 (1/8F) to the Frequency Counter. 

. Select the proper capacitance as shown in Table 6-6-20 so that the 


frequency of TP15 is closest to 1.012MHz. 


. Finally adjust the potentiometer RV5 so that the frequency of TP15 is 


1.012MHz + 2%. 


Table 6-6-20 PLOI Adjustment 


Function Offset (CB3) 


1. 
2. 
2: 


Confirm that the unit has normal status. 

Connect the test point TP23 (FUNC) to an oscilloscope (DC coupled). 
Adjust the potentiometer RV3 so that the signal of TP23 is +100mV 
+ 10mV. 


(d) PLO! Phase (CA1) 


OhWhH = 


. Turn the power off. 

. Set the switch $1 to the OFF position. 

. Turn the power on, and wait 40 seconds. 

. Connect the test point TP13 (PLOSS) to a channel of the oscilloscope. 
. Adjust the potentiometer RV6 so that the following Tss is 1.85ys 


+ O.1ys. 


Tss 


Tss = 1.85Us + 0.1Us 


Figure 6-6-15 PLOSS Adjustment 


(e) DAC Output (CB3) 
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1. 
2. Issue the alternate seek command between cylinder 0 and 512 repeatedly. 
3. Connect the test point TP26 (DA) to an oscillator and trigger with the 


Confirm that the unit has normal status. 


negative-going edge of TP26 signal. 


4. Adjust the potentiometer RV7 so that VDA is —6.8V + 0.2V. 


Refer to Fig. 6-6-16. 
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OV 
TP26 
(-DA) 


—-6.8V+0.2V 
(RV7) 


Fig. 6-6-16 DAC Output Adjustment 


6.6.4.3 CMIM PCB 
(a) Settling Time 1 (BE1) 

1. Confirm that the unit has normal status. 

2. Connect the check terminal CH2 to an oscilloscope. 

3. Issue the alternate seek command between Cylinder O and 1 repeatedly. 

4. Trigger with the positive-going edge of CH2 signal, and then adjust the 
potentiometer RV1 so that the pulse width of CH2 signal is 2.6ms + 
0.1ms. 


Refer to Fig. 66-17. 


——-— 
CH2 (CMIM) | oe eee 


STL1 
Tstt 


Tst = 2.5mS + 0.1mS 


Figure 6-6-17 Settling Time 1 Adjustment 


6.6.4.4 VOFM PCB 
The adjustment (a) to (d) require a PCB extender. 
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(a) PLO 11 SS2 (DC1) 
1. Trigger with positive-going edge of TP17 signal, and adjust the potention- 
meter RV4 so that T1 is 988ns + 4Ons. 


Refer to Fig. 6-6-18. 


TP17 (VOFM) | | | 


PLOSS2 
T1 


T2 


T1 =988ns + 40ns = +2/T2 
T2 = 1.98 Us + 80ns 


Figure 6-6-18 PLOSS 2 Adjustment 


(b) PLO Il VCO Frequency (DC2) 
Before this adjustment, items (a) must be completed. 
1. Connect the test terminal TP13 (VC PLO) to an oscilloscope (DC cou- 
pled). 
2. Adjust the potentiometer RV2 so that DC level of TP13 signal is -300mV 
+ 200mV. 
(c) VFOSS (DD1) 
1. Connect the test terminai TP7 (VFOSS) to an oscilloscope (DC coupled). 
2. Adjust the jumper wire on S4 so that the pulse width of TP1 is 31ns + 
2ns. 


Refer to Fig. 6-6-19 and Fig. 6-6-20. 


TP1 (VOFM) 
VFOSS 


T2 


T1 =31ns + 2ns 
T2 = 123ns (nominal) 


Figure 6-6-19 VFOSS Adjustment 


Note: Jumpering Method 
1) Connect only one of jumper wire, ©) or (3) . Jumper wire 
©) widens about 10ns more than 
2) Jumper wire @) widens about 3ns. 
Selecting Plug widen about 2ns. 
Selecting Plug (©) widen about 4ns. 
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Figure 6-6-20 VFOSS Adjustment 2 


(d) VFO Frequency 

. Item (d) adjustment must be performed before this adjustment. 

. Confirm that the unit has normal status. 

_ Connect the test point TP4 to an oscilloscope (DC coupled). 

. Adjust the potentiometer RV1 so that DC level of TP4 signal is +100mV 

+ 100mvV. 

5. After the adjustment confirm TP4 signal as shown in Fig. 6-6-21 by en- 
abling read operation. Trigger it with the positive-going edge of TP3 
(LDATA: CMKM PCB). 


BON — 


TP3 (CMKM) 


LDATA j : 
3.95Us 
(nominal) 
Abnormal 


TP4 (VOFM) 
Vc VFO 


+100 + 100mV 


Figure 6-6-21 VFO Frequency Adjustment 
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(e) Write Compensation 


2FEY 


2FLT 


BO3P - 4580 - 0100A...C 


Caution: Use the same length probes for measurement and/or adjustment 
of the write compensation, also use the OV terminal near the 
test points TP14, 15 and 16. Otherwise some adjustment error 
will occur. 
. Connect the test point TP14 (2FEY) to an oscilloscope (DC coupled). 
. Connect the test point TP15 (2FOT) to the other channel (DC coupled). 
. Select a jumper wire on S3 so that Td1 is 6ns + 2ns. 
Refer to Fig. 6-6-22. 

. Similarly, connect the test points TP15 and TP16 and select a jumper 
wire on S3 so that Td2 is 6ns + 2ns. 
Refer to Fig. 6-6-23. 


WN 


ay 


1) Adjacent pins have 2ns 
delay from 1 to 8. 


2) Pins 16 and 09 to 13 
are not used. 


Figure 6-6-22 Write Compensation 


Figure 6-6-23 Write Compensation Adjustment 
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(f) Data Window 


Caution: Use the OV terminals near the check terminals CHE1 to 3 for the 
adjustment, also use 200MHz oscilloscope. Otherwise some ad- 
justment error may occur. 

1. Connect the check terminals CHE2 to an oscilloscope (DC coupled). 

2. Connect the check terminal CHE1 to the other channel (DC coupled). 

3. Trigger with the positive-going edge of CH2 signal. 

4. Adjust the potentiometer RV5 so that TADJ is 25ns + 2ns. 

Refer to Fig. 6-6-24. 


CHE2 (VOFM) 
DTWD 


CHE1 (VOFM) 
DTSMP 


(TADJ) 


TADS = 25ns + 2ns 


Figure 6-6-24 Data Window Adjustment 


6.6.4.5 CMKM PCB 
(a) Speed Timer 
1. Turn the power off. 
2. Set the switch $1 of SDIM PCB to the OFF position. 
3. Turn the power on. 
4. Connect the check terminal CH2 to an oscilloscope (DC coupled). 
5. Trigger with the positive-going edge of CH2 signal and adjust the poten- 
tiometer RV1 so that the positive pulse is 25ms + 0.5ms. 
6.6.5 Electrical Measurement 
This description will give the maintenance aid to maintenance personne! for 
electrical measurement. 


6.6.5.1 Read Output Measurement 


Caution: Use the OV terminals near the test points CH1 and CH2 on ROVM/ 
ROWM PCB, and also use the 200MHz wide band oscilloscope. 
Otherwise some measurement error may occur. 
1. Write a repetitive “10” pattern (all “Aie”) to all records on the desired 
track. 
2. Connect the test point CH1 and CH2 on RQVM/RQWM PCB with the 
differential mode (invert channel 2 and add with channel 1). 
3. After writing, measure the peak-to-peak level of V2F and V1F as shown 
in Fig. 6-6-25. 


BO3P - 4580 - 0100A...C 


Note: The measurement may be performed on Cylinder O and even Head ad- 


dress. 


V2F > 80mVp-p 


: . _ V2F 
Resolution Ratio = VIE 


x 100(%) > 55% 


Figure 6-6-25 Read Output Measurement 


6.6.5.2 Timing Margin Measurement 
The write data pattern may be “EB6DB6DB,,”. After writing on all records of 
Cylinder 0 — even Head address, this measurement should be performed. 


Caution: Use the OV terminals near the check terminals CHE1 to 3 for the 


aArW 


. Similarly, adjust the maximum width as mentioned above. 
. Perform the procedures 2 and 3 to all even Head on Cylinder O respectively. 
. The timing margin will be specified as follows: 


measurement, also use 200MHz wide band oscilloscope. 
Otherwise some measurement error may occur. 


. Connect the check terminals CHE1 and CHE2 on VOFM PCB. Refer to 


6.6.4.4 item (e). 


. Adjust CHE1 signal by the potentiometer RV5 to minimum width of critical 


TW1 
TW2 


state that no errors occur for five minutes. 


TTMG = TW2 (min) - TW1 (max) > 10ns 


. Finally adjust the CHE1 signal as follows: 


T in) + 1 , 
TADS W2 (min) + TW (max). s5ns 


2 
Refer to Fig. 6-6-26. 
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Figure 6-6-26 Timing Margin Measurement 
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section ‘7 
Spare Parts List 


7. SPARE PARTS LIST 
7.1 SPARE PARTS LIST 


Table 7-1 Spare Parts List 


Disk Enclosure: 67.4MB without Fixed Head Storage BO30-4540-T002A 
Disk Enclosure: 84.2MB without Fixed Head Storage B030-4540-T010A 


Disk Enclosure: 134.8MB without Fixed Head Storage B030-4540-T003A 


Disk Enclosure: 168.6MB without Fixed Head Storage B030-4540-T004A 


Disk Enclosure: 67.4MB with 655KB Fixed Head Storage B030-4540-TO06A 


Disk Enclosure: 84.2MB with 655KB Fixed Head Storage B030-4540-T009A 


Disk Enclosure: 134.8MB with 655KB Fixed Head Storage B030-4540-T007A 
Disk Enclosure: 168.6MB with 655KB Fixed Head Storage B030-4540-T008A 


Spindle Drive Motor (AC100/115V) B9OL-0980-0001A 


~ 


Spindle Drive Motor (AC220/240V) B9OL.-0980-0003A 


12 Belt B301.-1000-0006A 


Anti-Static Brush B030-4420-W006A 


Speed Transducer Assembly B030-4420-W030A 


Blower BSOL-1190-0001A 


Brake Relay B58L-0170-0001A 


Variable Oscillator F (VOFM) PCB Assembly B16B-6300-0010A 


B16B-6150-0010A 


= 


7. Controller | (CMIM) PCB Assembly 


Controller K (CMKM) PCB Assembly B16B-6160-0020A 


Speed Controller | (SDIM) PCB Assembly B16B-6240-0010A 


Read Switch V (ROVM) PCB Assembly (with Fixed Head) B16B-6170-0010A 


B16B-6170-0020A 


Read Switch W (RQWM) PCB Assembly (without Fixed Head) 
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8. 


IC DETAILS 


8.1 INTRODUCTION 


This section describes functions of TTL, ECL, Linear and FUJITSU Analog Master 
Slice IC's. 


8.2 LOGIC CONVENTIONS AND SYMBOLOGY 


8.2.1 TTL Logic 
M228X Fixed Disk Unit uses +5V Transistor-Transistor-Logic. TTL logic is 
defined in terms of standard POSITIVE LOGIC using the following definitions: 


High Voltage = Logical “1” 
Low Voltage = Logical “0” 


The input/output logic of TTL are defined as follows: 
(A) TTL Medium Speed IC 


(MAX.) +5.5V 
+5.25V 
Uf aq" Yy 
+2.4V 
rer, 0.4V 
+0.8V 
0.4V 
WA 
ov 
(MIN.) -0.5V “o" 
INPUT OUTPUT 


Fig. 8-2-1 TTL Medium Speed IC Level 


8-1 


8-2 


(B) TTL Super High Speed IC Level 


+5.5V 
+5.25V 
“4 aw 
+2.7V 
0.7V 
+2.0V 
+0.8V 
“9” OV 
-0.3V 
INPUT OUTPUT 


Fig. 8-2-2 TTL Super high Speed IC Level 


(C) TTL Medium Speed Low Power Consumption IC 


+7.0V 
U7 +5.25V 
Yo es Wy 
a 
YY “fy 
+2.7V 
0.7V 
+2.0V 
+0.8V 
OV 
-0.3V “0” 
INPUT OUTPUT 


Fig. 8-2-3 TTL Medium Speed Low Power Consumption IC Level 


8.2.2 ECL Logic 
M228X Fixed Disk Unit uses —5.2V ECL (Emitter-Coupled-Logic). The high 
impedance of the logic (input to differential amplifier) coupled with the low 
impedance of the driving source (emitter-follower output) allows high DC fan-out. 


High-speed operation and high AC fan-out are possible because all circuits are 
designed to operate in a 50 ohms system. Complementary outputs cause a func- 
tion and its complement to appear simultaneously at the device output, without 
the use of external inverters. In M228X each output is terminated to resistors. 
ECL logic is defined in terms of standard POSITIVE LOGIC using the following 
definitions: 


High Voltage = Logical “1” 
Low Voltage = Logical “0” 


The input/output logic levels of ECL are defined as follows: 


-0.81V -0.81V 
7 Yt: 
-0.98V 
-1.105V 


-1.475V 
OK Ln 
\ S "0" < 

-1.85V RAN -1.85V 


INPUT OUTPUT 


Fig. 8-2-4 ECL Logic Level 


8.2.3 Logic Symbology 
The following conventions are provided to aid in understanding the symbology 
used in this manual. 


1) TTL 


m This indicates AND gate. 


Y Y=A‘'B 


This indicates OR gate. 


A 
Y Y=A+B 
B A circle placed on any input line or on 


the output line indicates that logical 
“O” is the significant state. 

O The absence of a circle, “1” is the sig- 
nificant state. 
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2) ECL 


A Y 
This indicates AND/NAND Gate. 
Y=AB=Z 
B Zz 
A Y This indicates OR/NOR gate. 
Y=AtB=Z 
B Zz 
O This is equal to it of the TTL. 


3) All logic symbols on each logic diagram are identified by a sequential num- 
bering and element type code. 


For example: 
M75* 


O\ soo 
OY F8 


M75*: Sequential part number of each parts list. 
LSOO: abbreviation (marking) of the element code. 
F8 _: Physical location of element on P.C.B assembly. 


8.3 IC INTERCHANGEABILITY GUIDE 
8.3.1 TTL IC Interchangeability 


Table 8-3-1 TTL Interchangeability 


Z 


Functions 
Replacement 


4 

< 

z 

© 
oO}; @ 


MB400M LAO1 SN7400N 


@ 
& 


Quad 2-input NAND 


MB401M LAO2 SN7410N Triple 3-input NAND 


éo 


MB402M 


LAO3 SN7420N Dual 4-input NAND 


MB403M LA04 SN7430N 8-input NAND 


MB417M LA17 SN7402N Quad 2-input NOR 


oo 
i 


MB418M LA18 SN7404N Hex Inverter 


Gil 


MB420M SN7474N Dual D-type Filip-Flop 


SN7438N Quad 2-input NAND Buffer 


MB434M 


SN75451P Dual 2-input OR Buffer 


SN7437N Quad 2-input NAND Buffer 


MB436M 


SN75453P Dual 2-input OR Buffer 


MB440M SN74123N Dual Monostable 
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Table 8-3-1 TTL Interchangeability 


| Marking | iy 
MB442M LA22 SN7442N BCD to Decimal Decoder | a | 
MB450M LA30 SN74161N 4-bit Binary Counter oe 
LX07 SN74164N 8-bit Shift Register 
8-18 


LX18 SN7408N Quad 2-input NAND 
SN7414N Hex Schmitt-Trigger Inverter 


| None | LX16 SN75452P Dual 2-input NAND Buffer | aio 


LX26 SN74175N Quad D-Type Flip-Flop 
LX27 SN74221N Dual Monostable 


MB74S00M $00 SN74S00N Quad 2-input NAND 8-8 
(LHO1) 
MB74S10M $10 SN74S10N Triple 3-input NAND 8-8 
(LHO2) 
MB74S20M $20 SN74S20N Dual 4-input NAND 8-8 
(LHO3) 
$133 SN74S133N 13-input NAND 8-10 
(LHO7) 
$112 SN74S112N Dual J-K Flip-Flop 8-12 
(LH10) 
$124 SN74S124N Dual VCO 
(LH24) 
ise =) 


| None SN75107N Dual Line Receiver 8-28 
| None SN75110N Dual Line Driver 


2 


MB74LS00M LSoo SN74LSOON Quad 2-input NAND 
we7a1s02M sn7a.so2N | Quad 2inpu NOR 


Pwsracon [se | swasrw | onzmuor i evo 
from | se | swasran | omotmrinrme | ava] 
CS 


Table 8-3-1 TTL Interchangeability 


Direct 


Replacement 


LS161 


MB74LS164M LS164 SN74LS164N 


MB74LS174M LS174 SN74LS174N Hex D-Type Flip-Flop 


Note: Direct replacement is a device of Texas Instruments Inc. 


8.3.2 ECL IC Interchangeability 
Table 8-3-2 ECL Interchangeability 


[—runrsy [over] 
[worsens | weiroat | omsaimrnon | eae 
Tweriove [ weiros. [Tnwasonon | eae 


MB10116C MC10116L 


Triple Line Receiver 


MB10124C 


MC10124L Quad TTL to ECL Translator 


MB10131C 


MC101731L Dual D Flip-Flop 


Note: Direct replacement is a device of MOTOROLA Semiconductor Product Inc. 


8.3.3 Linear IC Interchangeability 
Table 8-3-3 Linear IC Interchangeability 


Direct Replacement 


MB3607M A1458 MC1458 Operational Amplifier 8-33 
(MOTOROLA) 


MB4002M A4002 


FUJITSU 


= 
=v 
2a 
mo 
265 
o 
~_ U0 
= 
9 
N 
) 
z 
g 
oO 
~~ 
> 
[@) 
° 
a 
< 
oO 
a 
°o 
g 
2 
Wn 
a 


Notes: 1. NEC is Nippon Electric Co., Ltd. 
2. MOTOROLA is MOTOROLA Semiconductor Product Inc. 
3. NS is National Semiconductor Corp. 
4. PM is Precision Monolithics Incorporated. 
5. SILICO is Siliconix Incorporated. 


8.3.4 FUJITSU Analog Master Slice IC 
Table 8-3-4 FUJITSU Analog M/S IC 


FUJITSU : 
2 Direct Replacement 
Type No 


fwowore | aor 
weze | aoe 
mesic [ ae [i 
pwessne [aon fo 
fwesnee | aoe [ 


Note: They are al! original IC’s made by FUJITSU. 


Differential Amplifier 8-37 


Write Amplifier 8-38 


Charge Pump 


R/W Bus Switch 
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8.4 IC DETAIL 
8.4.1 TTL Detail 


1) 


2) 


3) 


4) 


5) 


MB400M (SN7400N) VCC 4B 44 4Y 38 3a 3Y 
MB74S0O0M (SN74SOON) = on 
MB74LSOOM (SN74LSOON) 
Quadruple 2-Input 
Positive NAND Gates 
Positive Logic 


Y=A°B 


1A 1B 1¥ 2A 2B 2Y GND 


MB401M (SN7410N) voc 1¢ 1¥ 3C 3B 3A 3Y 
MB74S10M (SN74S10) 
MB74LS10M (SN74LS10N) 
Triple 3-Input 
Positive NAND Gates 
Positive Logic 


Y=A°B'C 
1A 18 2A 28 2C 2Y GND 
MB402M (SN7420N) Vec 2D 2C NC 2B 2A 2¥ 
MB74S20M (SN74S20N) 3] o 


MB74LS20M (SN74LS20N) 
Dual 4-Input 
Positive NAND Gates 
Positive Logic 


Y=A°B:C:'D 
1A 1B NC 1C 1D 1¥ GND 
MB403M( SN7430N) Vec NC H G NC NC Y 
MB74LS30M (SN74LS30M) 
8-Input 


Positive NAND Gates 
Positive Logic 


Y=A‘B'C'D°E‘F'G'‘H 


MB417M (SN7402N) 
MB74LS02M (SN74LSO2N) 
Quadruple 2-Input 
Positive NOR Gates 

Positive Logic 


Y=A+B 


1¥ 1A 1B 2¥ 24 28 GND 


6) MB418M (SN7404N) Vec 6A 6Y 5A 5Y 4A 4Y 
MB74LS04M (SN74LSO4N) 
Hex Inverters 
Positive Logic 


Y=A 


7) MB433M (SN7438N) 
Quadruple 2-Input 
Positive- NAND Buffers 
With Open-Collector Outputs 
Positive Logic 


Y=A'B 


8) MB434M (SN75451B) 
Dual Peripheral Positive AND Driver 
Positive Logic 
Y=A'B 
FUNCTION TABLE 


L (on state) 1A 18 1Y GND 


L (on state) 


L (on state) 
H (off state) 


H = high level, L = low level 


9) MB435M (SN7437N) Vec 48 48 4Y 38 3A sy 
MB74LS37M (SN74LS37N) 
Quadruple 2-Input 
Positive NAND Buffers 
Positive Logic 


Y=A°B 


1A 18 1¥ 24 2B 2¥ GND 


10) MB436M (SN75453B) vec 2B 2A 2¥ 
Dual Peripheral Positive OR Driver 
Positive Logic 
Y=A+B 
FUNCTION TABLE 


L (on state) 


1A 1B 1¥ GND 
H (off state) 


H (off state) 
H (off state) 


H = high level, L = low level 
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11) SN75452B Voc 2B 2A 2¥ 
Dual Peripheral Positive NAND Driver 
Positive Logic 
Y=A°'B 
FUNCTION TABLE 


H (off state) 


1A 1B 1Y GND 
H (off state) 


H (off state) 
L (on state) 


H = high level, L = low level 


12) SN7408N Veco 4B 4A 4Y 38 3A 3Y 
MB74LS08M (SN74LSO8N) 2] 
Quadruple 2-Input 
Positive AND Gates 
Positive Logic 
Y=A°'B 


13) SN7414N 
Hex Schmitt-Trigger 
Inverters 
Positive Logic 


Y=A 


14) SN7432N 
MB74LS32M (SN74LS32N) 
Quadruple 2-Input 
Positive OR Gates 
Positive Logic 
Y=A+B 


14 1B 1Y 24 2B 2Y GND 


15) SN74S133N 
13-Input Positive NAND Gates 
Positive Logic 


Y=A'B‘C°D'‘E‘F‘G:‘H-'I-J°K°'L°M 


Veo M LK | oH Y 


a 


A B c oO € F G GND 


16) MB74LS11M (SN74LS11) Wee IG. ON ae 28 


Triple 3-Input 
Positive AND Gates 
Y=A°‘B°C 
1A 18 2A 28 2C 2Y GND 
17) MB74LS51M (SN74LS51N)) Vec 1¢ 18 Je ld ay 


Dual 2-Wide 2-Input 
AND-OR-INVERT Gates 
Positive Logic 
1Y¥ = (1A°1B°1C)+(1D° 1E° 1F) 
2Y = (2A: 2B) + (2C 2D) 


1A 24 2B 2C 2D 2Y GND 


18) MB74LS54M (SN74LS54N) 
4-Wide 
AND-OR-INVERT Gates 
Positive Logic 
Y=(A-B)+(C- D- E) 
+(F-G-H)+(i- J) 


19) MB74LS86M (SN74LS86N) 
Quadruple 2-Input 
Exclusive OR Gates 

Positive Logic 
Y=A+B=AB+AB 


1A 1B 1Y 2A 2B 2Y GND 
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20) MB74LS279M (SN74 LS279N) Vec 45 af 40 382 351 38 30 


21) 


22) 


Quadruple S-R Latches 
FUNCTION TABLE 


INPUTS | OUTPUT 
St R Q 


H H Qo 
L oH H 
H oL L 
bk H* 


H = high level 
L = low level 
Qo = the level of O before the indicated input conditions were established. 
* This output level is pseudo stable; that is, it may not persist when the S and R inputs return to 
their inactive (high) level. 
t For latches with doubie § inputs: 
H = both § inputs high 
L =one or both § inputs low 


1R 181 182 10 2R 25 20 GND 


MB420M (SM7474N) 
MB74LS74M (SN74LS74N) 
Dual D Type Positive Edge Triggered Flip-Flop 
with Preset and Clear 
FUNCTION TABLE v ctr 2D 2CK 2PR 20 20 


INPUTS OUTPUTS 
PRESET CLEAR CLOCK D | a a | 


1 1D 1CK 1PR 10 t@ GND 
CLR 


H = high level (steady state), L = low level (steady state), X = irrelevant 
TL = high-leve! pulse; data inputs should be held constant while clock is high; data is transferred to 
output on the falling edge of the pulse. 
t = transition from low to high level, | = transition from high to low level 
Qo = the level of O before the indicated input conditions were established. 
TOGGLE: Each output changes to the complement of its previous level on each active transition 
(pulse) of the clock. 
* This configuration is nonstable; that is, it will not persist when preset and clear inputs return to 
their inactive (high) level. 


SN74S112N 1 


Veco CLR CLR 2CK 2K 2) 2PR 20 


Dual J-K Negative Edge Triggered Flip-Flop 
with Preset and Clear 


FUNCTION TABLE 


INPUTS OUTPUTS 
PRESET CLEAR CLOCK J fa a] 
x x 


H 


1CK 1K 1J 1PR 10 14 20 GND 


K 
x 
x 
x 
L 
L 


H = high level (steady state), L = low level (steady state), X = irrelevant 
} = transition from high to low ievel : 
Qo = the level of OQ before the indicated input conditions were established. 
TOGGLE: Each output changes to the complement of its previous level on each active transition of 
the clock. 
* This configuration is nonstable; that is, it will not persist when preset and clear inputs return to 
their inactive (high) level. 


24) 


Dual J-k Mater Slave Flip-Flop with clear 


FUNCTION TABLE 


INPUTS OUTPUTS 
CLEAR CLOCK J K 


L x 


Wo 1G 10 1K 20 24 GND 


H = high level (steady state), L = low level (steady state), X = irrelevant 
+ = transition from high to low level 
IL = high-level pulse; data inputs should be held constant while clock is high; data is transferred to 
output on the falling edge of the pulse. 
Qo = the level of OQ before the indicated input conditions were established. 
TOGGLE: Each output changes to the comptement of its previous level on each active transition 
(pulse) of the clock. 
* This configuration is nonstable; that is, it will not persist when Preset and clear inputs return to 
their inactive (high) tevel. 


MB440M (SN74123N) 
Dual Retriggerable Monostable Multivibrator with Clear 


FUNCTION TABLE iRext 1 


Vec Cext Cext 10 20 cuR 2B 2A 
INPUTS OUTPUTS 
cuca | a_e[a a 


JA 1B 1 1G 2Q 2 2Rext GND 
Cext Cext 


This monolithic TTL retriggerable monostable multivibrator features d-c 
triggering from gated low-level-active (A) and high-level-active (B) inputs, 
and also provides overriding direct clear inputs. The retrigger capability 
simplifies the generation of output pulses of extremely long duration. By 
triggering the input before the output pulse terminated, the output pulses 
may be extended. The overriding clear capability permits any output pulse 
to be terminated at a predetermined time independently of the timing com- 
ponents R and C. The output pulse is primarily a function of the external 
Capacitor and resistor. 

For Cext > 1000pF, the output pulse width (tw) is defined as: 


tw : ns 
0.7 
tw = 0.32RtCext (1 cee, Rt : kohms 
Cext : pF 
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25) MB442M (SN7442N) 
BCD-to-Decimal Decoder 


These monolithic decimal decoders consist of eight inverters and ten four- 
input NAND gates. The inverters are connected in pairs to make BCD input 
data available for decoding by the NAND gates. Full decoding of valid input 
logic ensures that all outputs remain off for all invalid input conditions. 

(TOP VIEW) 


INPUTS OUTPUTS 
OUTPUTS 


OUTPUTS 
OUTPUTS 


OUTPUTS 


OUTPUTS 


is} 1 2 3 4 5 6 GND 
OUTPUTS 


OUTPUTS 
Positive logic: see function table 


OUTPUTS 


OUTPUTS 


OUTPUTS 


BCD-TO-DECIMAL DECODERS 


FUNCTION TABLE 


BCD INPUT DECIMAL OUTPUT 


3.4 5 67 


No. 


<= 
= 


rrrrrxriréoirrrriérdiesry)ss 
te Ee ee ee 
on egeys Reo IIe gs es Ss ae eo Od Umea Se Oe 
Ztratat rt rritg tr = 
StS Tere 2S 2 ES 


Trrrryrr rcrErrrrrria 
mrrortrroer tiririr TIF erie 
mrreererwrljrr Derr tr IiTeril>p 
= rmurrrrrirrrriroiéiéei_rss.® 


2 9 
H H 
H H 
L H 
H H 
H H 
H H 
H H 
H H 
H H 
H L 
H H 
H H 
H H 
H H 
H H 


ZT rt rrrrtrrerjre rere rio 


H 
H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 


= 
x= 
= 


H = high level, L = low level 


26) MB450M (SN74161N), SN74LS161N 


Synchronous 4-bit Counter with Direct Clear 


This synchronous, presettable counter features an internal carry look- 
ahead for application in high-speed counting schemes. Synchronous opera- 
tion is provided by having all flip-flop clocked simultaneously so that the 
outputs change coincident with each other when so instructed by the count- 
enable inputs and internal gating. This mode of operation eliminates the 
output counting spikes which are normally associated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four J-K master- 
slave flip-flops on the rising (positive-going) edge of the clock input wave- 
form. 

These counters are fully programmable; that is, the outputs may be pre- 
set to either level. As presetting is synchronous, setting up a low level at the 
load input disables the counter and causes the outputs to agree with the set- 
up data after the next clock pulse regardless of the levels of the enable in- 
puts. Low-to-high transitions at the load input should be avoided when the 
clock is low if the enable inputs are high at or before the transition. The 
clear function for the SN74161N is asynchronous and a low level at the 
clear input sets all four of the flip-flop outputs low regardless of the levels 
of the clock, load, or enable inputs. This synchronous clear allows the 
count length to be modified easily as decoding the maximum count desired 
can be accomplished with one external NAND gate. The gate output is con- 
nected to the clear input to synchronously clear the counter to 0000 
(LLLL). 


CARRY OUTPUTS 


ENABLE 
T 


LOAD 


CARRY Qa Qp 
OUTPUT 


CLEAR CLOCK A 


B 
DATA INPUTS 


Positive logic: see description 
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Functional block diagrams 


(9) 


LOAD 
(14) Qa 


DATA 
A 


d 


DATA 
B 


e 


(ae areaarrsaral 
TT 
Goes ee re ae 
ae ae 
i 


Wy 
4 
@) 


CLOCK 


DATA 
c 


ee 


ol 
‘ib 


DATA 


CLEAR 


ENABLE 
(7) 
Pp 
(10) 
T (15) RIPPLE 
CARRY 


27) SN74164N, MB74LS164M (SN74LS164N) 
8-Bit Parallel-Out Serial Shift Registers 


These 8-bit shift registers feature gated serial inputs and an asynchronous 
clear. The gated serial inputs (A and B) permit complete control over incom- 
ing data as a low at either (or both) input(s) inhibits entry of the new data 
and resets the first flip-flop to the low level at the next clock pulse. A high- 
level input enables the other input which will then determine the state of 
the first flip-flop. Data at the serial inputs may be changed while the clock is 
high, but only information meeting the setup requirements will be entered. 
Clocking occurs on the low-to-high-level transition of the clock input. All in- 
puts are diode-clamped to minimize transmission-line effects. 


(TOP VIEW) 


OUTPUTS 


Voc QH QG Or Qe CLEARCLOCK 


A B Qa Og Qc QQ GND 


OUTPUTS 


SERIAL INPUTS 


Positive logic: see function table 


Functional block diagram 


CLEAR 


CLOCK 


FUNCTION TABLE 


INPUTS OUTPUTS 
CLEAR | CLOCK | A Qn Ag ...Qy 
L L 


B 
L x x L 
H L X | Qao 
H H 
H x 
H L 


H = high level (steady state), L = low level (steady state) 

X = irrelevant (any input, including transitions) 

t = transition from iow to high level. 

Qao, Ogo, QHo = the level of Qa, Og, or Qy, respectively, 
before the indicated steady-state input 
conditions were established. 

QAn, AGn = the level of Qgor Og before the most-recent t 

transition of the clock; indicates a one-bit shift. 


Qgo Quo 


SERIAL A 
INPUTS 3 


OUTPUT 
Q 


OUTPUT 
A Og 


OUTPUT 
Qc 


(11} (12) (13) 


OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 
Qp Og QF Qg ay 


dynamic input activated by transition from a high level to low level 
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INPUTS OUTPUTS 
CLEAR CLOCK D 


H tT 
H tT 
H L 
H = high level (steady state) 
L = low level (steady state) 
X = irrelevant 


t = transition from low to high level CLEAR 10 1D 200 20 30 3Q GND 
Qo = the level of O before the indicated 


t =‘'175, ‘LS175, only 


28) SN74175N 


MB74LS175M (SN74LS175N) 
Quadruple D-Type Flip-Flop 


MB74LS174M (SN74LS174N) 
Hex D-Type Flip-Flop 


These monolithic, positive-edge-triggered flip-flops utilize TTL circuitry 
to implement D-type flip-flop logic. All have a direct clear input, and the 
175, 'LS175, and feature complementary outputs from each flip-flops. 

Information at the D inputs meeting the setup time requirements is trans- 
ferred to the Q outputs on the positive-going edge of the clock pulse. Clock 
triggering occurs at a particular voltage level and is not directly related to 
the transition time of the positive-going pulse. When the clock input is at 
either the high or low level, the D input signal has no effect at the output. 


175, ‘LS175 
(TOP VIEW) 


Vec 40 40. 4D 3a 30 3D CLOCK 


positive logic: see function table 


FUNCTION TABLE ‘LS174 
(EACH FLIP-FLOP) (TOP VIEW) 


Vee 60 6D 5D 5Q 4D 4Q CLOCK 
eg Ee 
Bes ee 
Loop Go ap] Goa 
CK <p-+> CK o> CK 
CLEAR CLEAR a CLEAR 


CLEAR CLEAR f CLEAR 
CK ep-dd>CK d> CK 

Q of te ah dp a 
ae ee ee 
BinniginiG 


Ot 


x 


Qa 
x L 
H H 
ke L 
x | Q 


steady-state input conditions were 
established. 


Positive logic: see function table 


‘LS174, ‘175, ‘LS175, 


30 


4D 


5D 


—~a> ... dynamic input activated by transition from a high level to a low level, 
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29) SN74221N 
Dua! Monostable Multivibrator 
with Schmitt-Trigger Input 


The SN74221N are monolithic dual multivibrators with performance 
characteristics virtually identical to those of the SN74121N. Each multi- 
vibrator features a negative-transition-triggered input and a positive-transi- 
tion-triggered input either of which can be used as an inhibit input. 

Pulse triggering occurs at a particular voltage level and is not directly re- 
lated to the transition time of the input pulse. Schmitt-trigger input circuitry 
(TTL hysteresis) for B input allows jitter-free triggering from inputs with 
transition rates as slow as 1 volt/second, providing the circuit with excellent 
noise immunity of typically 1.2 volts. A high immunity to Vcc noise of 
typically 1.5 volts is also provided by internal latching circuitry. 


FUNCTION TABLE 
{TOP VIEW) (EACH MONOSTABLE) 


Voc ae” 10 20 ciR 28 an 
L 
x 
x 
H 
H 
t L 


Also see description and switching 
characteristics 


re 
Cext Cext +4 


Positive logic: Low input to clear resets Q low and a high 
regardless of d-c levels at A or B inputs. 


be. 


The output pulse width (tw) is defined as: 


tw = 0.7RextCext 


tw ins, rext : kohms, Cext : pf 


Vec 
Rext 
+ | 
To Cext To Rext/Cext 
Terminal Terminal 


TIMING COMPONENT CONNECTIONS 
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30) SN74S124N 
Dual Voltage Controlled Oscillators 


The 'S124 feature two independent voltage-controlled oscillators (VCO) 
in a single monolithic chip. The output frequency of each VCO is establish- 
ed by a single external component, either a Capacitor or a crystal, in combi- 
nation with two voltage-senstive inputs, one for frequency range and one 
for frequency control. These inputs can be used to vary the output frequ- 
ency as shown under typical characteristics for the ‘$124. These highly 
stable oscillators can be set to operate at any frequency typically between 
0.12 hertz and 85 megahertz. The output frequency can be approximated 


as follows: 


es 5x 10-4 
: Cext 


where: fo = output frequency in hertz 


Cext = external capacitance in farads. 


(TOP VIEW) 


2 2 Cext 2G ay 
Vec OVcc RANGE ——-——, ENABLE OUTPUTS GND 


1 1G 1Y OGND 
~~~ RANGE —-—~——~ ENABLE OUTPUT 


FREQUENCY 
CONTROL 


Logic: While the enable input is fow, the output is enabled. 
While the enable input is high, the output is high. 
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31) SN74LS85N 
4-bit Magnitude Comparators 


These four-bit magnitude comparators perform comparison of straight bi- 
nary and straight BCD (8-4-2-1) codes. Three fully decoded decisions about 
two 4-bit words (A, B) are made and are externally available at three out- 
puts. These devices are fully expandable to any number of bits without ex- 
ternal gates. Words of greater length may be compared by connecting com- 
parators in cascade. The A > B, A< B, and A = B outputs of a stage handl- 
ing less-significant bits are connected to the corresponding A > B,A<B, 
and A = B inputs of the next stage handling more-significant bits. 


FUNCTION TABLES 


COMPARING 
INPUTS 


CASCADING 
INPUTS 


—_t 


OUTPUTS 


A2,B2 , A1,B1 


AO,BO |A>B A<B A=8 |A>B A<B A=B 


x 

x 
A2 > 62 
A2<B2 x 
A2 = 82|/A1>B1 
A2=B2,;A1<B1 
A2 = B2|A1=B1 
A2 = B2|A1= Bi 
A2 =B2)A1= 861 
A2 =B2|A1 = B1 


A2 = B2 | At = B1 


x x 


=x 
rm 


A2 = B2|A1=B1 
A2 = B2|A1=B1 
A2 = B2;A1= Bi 


H = high level, L = tow level, 


-e-xrxK|/rertK xe KKK KK 
rcxmux|/rourxKxxxxKxxxK xX 


X = irrelevant 


eexrlrreK xx xK KK XK XK 


Zrerijrr ptr ter rrir 
er ie |e ee, a ee 
oR ee ae Pera Pare 


Functional block diagrams 


JOR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW) 


INPUTS OUTPUTS 
7~-—_ 


Voc A3 


B3 A>B A<B BO 


A3 


B3 A>B A<B_ 80 


OUTPUT OUTPUT 


B2 
A=B A>B A<B A=B 


AQ ouTruT input INPUT INPUT 


B2 A2 A=B A>B A<B A=B 
ourrur 


—— 
INPUTS CASCADING 


INPUTS 


INPUTS 


pelle 
AO 
81 
Al 
Ede 
MAT TICICICT 


AQ B81 


A1 GND 


(i a ae 
Positive logic: See function tables 


INPUT 


| 
| | —H 
fies 
(13) ane 
oo i, Hp. 
aay PLT imo) 
aco LH 
nae aH im Hoo 


= 
ag £10) +t) 


32) MB74LS153M (SN74LS153N) 
Dual 4-Line-to-Line Data Selectors/Multiplexers 


Each of these monolithic, data selectors/multiplexers contains inverters 
and drivers to supply fully complementary, on-chip, binary decoding data 
selection to the AND-OR-inverter gates. Separate storobe inputs are provid- 
ed for each of the two four-line sections. 


(TOP VIEW) FUNCTION TABLE 


STROBE A DATAINPUTS — gutpuT 
Veco 2GSELECT___ 


SELECT 
INPUTS DATA INPUTS aes 


fe} 
c 
a 
2 
Cc 
a 


+ 


> 
2 
a 
a 


re rrerrirrerie¢e 


> 
VY 2C3. 2C2 -2C1 «-2C0)— av 


La a ie | a os a Be >| 


B 
x 
L 
L 
b 
L 
H 
H 
H 


Ierigwrrre.x 
xx xk IrX xX XK 
-~— xxx KKK 


| A 1c2_1¢1_1co_1v 
is 7] —| = 7 = Select inputs A and B are common to both sections. 
H = high level, L=low level, X = irrelevant 


STROBE B 
1G SELECT DATA INPUTS 


OUTPUT GND 
1Y 


_ 
Positive logic: See function table 


Functional block diagram 


STROBE 1G _(1) 
{ENABIF) 


1CO 


(6) 
1e1 5) 
(7) OUTPUT 
DATA 1 1Y¥ 
12 {4 
1C3 
é ain h 
SELECT 
A 
2c0 (10) 
2C1 
DATA2 (12) (9) OUTPUT 
2C2 2¥ 
903131 
STROBE 2G 
(ENABLE) jj) 
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33) SN74LS191N 


Synchronous UP/DOWN Counters 
with DOWN/UP Mode Control 


The SN74LS191N is synchronous, reversible up/down counters having a 
complexity of 58 equivalent gates. The SN74LS191N is 4-bit binary count- 
ers. Synchronous operation is provided by having all flip-flop clocked simul- 
taneously so that the outputs change coincident with each other when so 
instructed by the steering logic. This mode of operation eliminates the out- 
put counting spikes normally associated with asynchronous (ripple clock) 
counters. 

The outputs of the four master-slave flip-flop are triggered on a low-to- 
high-level transition of the clock input if the enable input is low. A high at 
the enable input inhibits counting. Level changes at the enable input should 
be made only when the clock input is high. The direction of the count is 
determined by the level of the down/up input. When low, the counter 
counts up and when high, it counts down. 

These counters are fully programmable; that is, the outputs may be pre- 
set to either level by placing a low on the load input and entering the de- 
sired data at the data inputs. The output will change to agree with the data 
inputs independently of the level of the clock input. This feature allows the 
counters to be used as modulo-N dividers by simply modifying the count 
length with the present inputs. 


(TOP VIEW) 
INPUTS OUTPUTS INPUTS 


DATA  RIPPLEMAX/ =DATADATA 
Vec A CLOCKCLOCKMINLOAD CD 


[ro Les Lfse Lf ts Lf 2 Lf 4 ff 10 9 | 
ae ay ae a 


A CK RIPPLE MAX/ LOAD C 
CLOCK MIN 


DATA Qg OQ, ENABLEDOWN/OQc Qp GND 
B G UP 


ee 


—— ee 
INPUT OUTPUTS INPUTS OUTPUTS 


Asynchronous inputs: Low input to load sets Qa =A, 
Qg =B, Qc =C, and Ap =D 


CLOCK 


DOWN/UP 


DATA 


INPUT A 


ENABLE G 


DATA 
INPUT B 


DATA 
INPUT C 


DATA 
INPUT D 


LOAD 


Functional block diagram 


= (13) RIPPLE 
5) n, = lind CLOCK 
= (12) MAX/MIN 


OUTPUT 


(3) OUTPUT a, 


{2) OUTPUT Og 


ie 


a 


ie 
2 eae ae ee eel 
(10) 
a cl a GO ae 
HHS {6) ouTPUT d¢ 


at 
Yh 


3 
i an 

a 

i 

is 

i 

Rae 

[| Ty 

rT | 

eat Ted ile hal 
i 


=) F : {7) OUTPUT Op 
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34) SN74LS283N 


4-Bit Binary Full Adders with Fast Carry 


These improved 4-Bit full adders/subtractors feature full look-ahead across 
four bits to generate the carry term in typically 10 nanoseconds. This capa- 
bility provides the system designer with partial look-ahead performance at 
the economy and reduced package count of a ripple-carry implementation. 

These full adders are designed so that levels of the input and output, in- 
cluding the carry, are in their true form. Thus the end-around carry is ac- 


complished without the need for level inversion. 


(11) 


(TOP VIEW) 


B4 D.- 
a3) [rk 
aa eT TT 
LH 
ae 
iH 
a 
(15) li 
B3 
Daan 
A3 (14) irs im 
wil 
<5 
(2) ‘= 
B2 
BD gage ie es BD 
eo oe TS i Sl) 59 
} >o 
B1 (6) > »> 
i (5) Ce hee a= (4) D1 
co (7) Sc 


35) MB14601C 
Linear Motor Control 


CONNECTION DIAGRAM 


(TOP VIEW) 
*MHFPs | | 1 vec 
*PHFPS FWD 
*VNON *SUM1 
*PSCTK SDRLM 
*VINV *DRLM 
*OFTRK PRDY 
*VFIL vco 
*LTSV ALRZ 
CT15 GT1 
“CT7 “EVEN 
GND GT2 
** NOT USED 


BLOCK DIAGRAM 


ALRZ 


SDRLM initial = [| Flip-Flop 
*SUM 1 Condition Gate 
Circuit Circuit *VINV 
FWD 2 
i *VNON 
*MHEFPS Gate 
Circuit 
*PHFPS es “PSCTK 
*VFIL 
*DRLM *OFTRK 
*EVEN O—— 
vco O@ 
Counter Decoder Flip-Flip 
eee ‘ Gubs GT1 
# Circuit 
#3 GT2 
PRDY Flip-Flop 
#3 
*CT7 
——O CT15 
*LTSV 
BO3P - 4580 - 0100A...C 8-27 


36) SN75107AN 
Dual Line Receivers 


INPUT INPUT OUTPUT STROBE 
vcec+ Vcc-— 2A 2B NC 2Vv 2G 


TRUTH TABLE 


DIFFERENTIAL STROBES 
INPUTS 
A-B 


Vip > 25mV 


-25mV < Vip 


<25mV 


Vip < -25mv 


INPUT INPUT NC OUTPUTSTROBE STROBE GND 


1A 18 1Y 1G s 
37) SN75110N 
Dual Line Drivers 
OUTPUT OUTPUT INH OUTPUT OUTPUT 
Vec+ 1 12> Vec~ 0 22 2¥ 


TRUTH TABLE 


Logic inputs | !NHIBITOR OUTPUTS 


{INPUTS 
Eras ae eae 


LorH L Lor 
LorH LorH L 


ce el 


Low output represents the on state. 
High output represents the off state. 


INPUT INPUT INH INH INPUT INPUT GND 
1A 1B 1c 2c 2A 28 
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8.4.2 ECL Detail 


1) MB10102C (MC10102L) 
Quad 2-Input NOR Gates 


2) MD10106C (MC10106L) 
Triple 4-3-3 Input NOR Gates 


These gates are low power (25mW), high speed (2.Ons) standard MECL 
logic functions. High impedance input pulldowns allow high dc and ac fan- 
out and eliminate the need to tie unused inputs to an external supply. The 
open emitter output allow flexibility in the selection of termination tech- 
niques and minimize the power requirements when driving transmission lines. 

Wire-ORing of outputs is available with the open emitter outputs. These 
functions are used in control, bussing, and communications in high speed 
central processer, high speed peripherals, digital communications systems, 
minicomputer, and instruments. 

The MB10102C is commonly used for control, and for bussing data by 
using the Wire-ORing capability of the basic ECL gate. 


MC10105 


MC10102 
Quad 2-input NOR Gate 


Triple 4-3-3 Input NOR Gate 


PD = 25 mW typ/gets (No Load) 
tod = 2.0ns typ 


PD = 30mW typ/gets (No Load) 
typ = 2.0ns typ 
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3) MB10115C (MC10115L) 


Quad Line Receiver 


4) MB10116C (MC10116L) 


Triple Line Receiver 


The line receivers are essentially very high speed linear differential ampli- 
fiers with standard ECL outputs. Maximum flexibility is allowed with the 
open-emitter outputs. Active current sources provide the line receivers with 
excellent common mode noise rejection. The functions are useful as both 
digital and linear parts in high speed central processors, minicomputers, 
peripheral controllers, digital communication systems, and testing and in- 
strumentation systems. 

The MB10115C is a quad line receiver with a single output per gate while 
the MB10116C is a triple line receiver with complementary outputs. Both 
functions have a Vpp reference provided to make the devices useful as 
Schmitt triggers and to permit them to be used in other applications where 
a stable reference voltage is necessary. They are also recommended for MOS 
to ECL interfacing and are used as sense amplifiers for MOS RAM’s. 


MC10115 MC10116 


QUAD LINERECEIVER = +RIPLE DIFFERENTIAL 


LINE RECEIVER 


5) MB10124C (MC10124L) 
Quad TTL to ECL Translator 


6) MB10125C (MC10125L) 
Quad ECL to TTL Translator 


The 10124 and 10125 are quad translators for interfacing data and con- 
trol signals between a high speed ECL section and low speed saturated logic 
sections of digital equipment. The 10124 has standard TTL inputs and stan- 
dard ECL, complementary, open-emitter outputs. The 10125 incorporates 
differential inputs and Schottky TTL “totem pole” outputs. These devices 
are useful in computers, instrumentation, peripheral controllers, test equip- 
ment and digital communication systems. 

Power supply requirements are ground, +5Vdc and -5.2Vdc. Propagation 
delay of the 10124 is typically 5ns. The outputs are identical to those of a 
standard ECL gate. An advantage of this gate is that the translation can 
be done in the TTL equipment and then the information can be transmitted, 
via balanced twisted pair, to the ECL equipment. This isolates the ECL logic 
from the noisy TTL environment. The 10125 has a typical propagation de- 
lay of 5ns with a fanout of 10 TTL loads. The high speed of both of these 
functions makes them ideal for high speed instrumentation systems and 
digital communication systems. 


| MC10124 MC10125 


QUAD TTL TO QUAD ECL TO TTL TRANSLATOR 
ECL TRANSLATOR 
WITH STROBE 
4 
5 4 3 
6 2 
6 
7 3 5 
1 7 
10 12 ; 
10 
15 12 
11 13 11 
14 
14 
13 
15 


GND = 16 | ee 
Vcc (+5.0 Vde) =9 BB 


Veg (-5.2 Vde) =8 


7) MB10131C (MC10131L) 
Dual D-Type Flip-Flop 


Dual flip-flops are standard ECL 10,000 storage and counting functions. 
The inputs incorporate high impedance pulldown resistors. Emitter-follower 
outputs are left open for maximum flexibility and minimum power dissipa- 
tion. These functions are very useful for control and storage in high speed 
digital communication systems, instrumentation and test equipment, high 
speed central processors, high speed peripheral controllers and mini-com- 
puters. 

The 10131 is high speed dual D master slave flip-flop with asynchronous 
set and reset inputs, true and complement outputs. 


Set and reset inputs override the clock for asynchronous operation of the 
10131. 


MC10131/MC10231 
DUAL "D” FLIP-FLOP 


R.S TRUTH TABLE 


N.D.= Not Defined 


CLOCKED TRUTH TABLE 


¢= Don’t Care 

C=CeE+Cc. 

A clock H is a clock transition 
trans a low to a high state. 
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8.4.3 Linear IC Detal 


1) MB3607M (MC1458C) 
Dual Operational Amplifier 


The MB3607M is designed for use as a summing amplifier integrator, or 
amplifier with operating characteristics as a function of the external feed- 
back components. 


TOP VIEW 


: OUTPUT 1 

: INPUT 1 (-) 

: INPUT 1 (+) 
ve 


: INPUT 2 (+) 
> INPUT 2 (-) 
OUTPUT 2 
vt 


ON AABN > 


2) MB4002M 
High Speed Differential Comparator 


The MB4002M is a Differential Voltage Comparator intended for applica- 
tions requiring high accuracy and fast response times. The device is useful 
as a variable threshold Schmitt trigger, a pulse height discriminator, a volt- 
age comparator in high-speed A/D converters, a memory sense amplifier or 
a high noise immunity line receiver. The output of the comparator is com- 
patible with ail integrated logic forms. 


TOP VIEW 


GND 
INPUT (+) 
INPUT (-) 


20D LE ON 
< 2< 
cs) 
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3) 


VREF 
i7 
REF IN 


150 
DIGITAL 
110 


pu PC610D 
10 bit D/A Convertor 


The » PC610D is a complete 10bit plus sign D/A convertor. All elements 
of a complete sign/magnitude DAC are included-precision voltage reference, 
current steering logic, current sources, R-2R resister network, logic control- 
led polarity switch and high speed internally compensated output of amp. 
The wide power supply range, low power consumption, choice of full scale 
output voltages and sign/magnitude coding assure utility in a wide range of 
applications. 


Connection Diagram 
(TOP VIEW) 


fs = = - 8 (cl aa beg 


De 14 
a4 OUTPUT 
13 4 

ANALOG 12 
GND = 


Pi 
Bue 


Lt 


4) wpce271C 
Voltage Comparator 


This is a single high-speed voltage comparator. This device is designed to 
operate from a wide range of power supply voltage, including + 15V supplies 
for operational amplifiers and +5 supplies for logic systems. The output 
level is compatible with most DTL, TTL, and MOS circuits. This comparator 
is capable of driving Lamps or relays and switching voltage up to 50V at 
50mA. All inputs and outputs can be isolated from system ground. The out- 
put can drive loads referenced to ground, Vcct+, Vcc-. Offset balancing and 
strobe capability are available and the output can be wire-OR connected. 
If the strobe input is low, the output will be in the off state regardless of 
the differential input. 


Connection Diagram 
(TOP VIEW) 


BALANCE/ 
STROBE 


BALANCE 


o vt 
Ro < Rio 
8002 800 
BALANCE 
BALANCE/ 
STROBE : 
OUT 
Ino 
°o GND 
a: 
ov” 
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5) MC1590G 
AGC Amplifier 


(TOP VIEW) 


tNPUT (-) 
VAGC 
INPUT (+) 
CASE 
OUTPUT (+) 
: OUTPUT (-) 
V+ 

: SUBSTRATE 


ON AARWY> 


6) DG201BK 
Quad Mono lithic SPST CMOS Analog Switch 


The DG201 is a 4-channel single pole signal throw analog switch which 
employs CMOS technology to insure low and nearly constant ON resistance 
over the entire analog signal range. The switch will conduct current in either 
direction with no offset voltage in the ON condition, and block voltages up 
to 30V peak-to-peak in the OFF condition. The ON-OFF state of each 
switch is controlled by a driver. With a logic “O” at the input to the driver 
(OV to 0.8V) the switch will be ON, and a logic “1” (2.4V to 15V) will turn 
the switch OFF. Switch action is break-before-make. 


TOP VIEW 


1: IN1 9: IN3 
2: D1 10: D3 
3: $1 11: $3 
4: V7 12: VREF 
5: GND 13: vt 
6: S4 14: $2 
7: D4 15: D2 
8: IN4 16: IN2 
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8.4.4 FUJITSU Analog Master Slice IC Detail 


1) MB4301C 
Differential Amplifier 


The MB4301C is a three-stage Differential input, Differential output Am- 
plifier. All stages are gain-selectable with external resistors. 


TOP VIEW 


G1A G3A: GAIN 
G1B G3B: SELECT 
GC : GAIN CHANGE 


2) MB4302C 
Head Selection Circuit 


TOP VIEW 


CE: Chip Enable 
CD: Detection for Multi selection 


oe er ee ee ee 


ee ee ee ee ee ee 


Vec2 
OUTPUT2 
G3A 

G2A 

G2B 

AMP ENABLE 
NC 

GND 
INPUT2 
INPUT1 | 
G1B 

G1A 

GC 

G3B 
OUTPUT1 
Vcc1 


CE 


GND 


CD 


Vcc 
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3) MB4303C 
AGC Amp 


The MB4303C is a Automatic-Gain-Control Amplifier with Differential 
Inputs and Outputs. It contains another Differential Amplifier. 


INPUT2 
OUTPUT2 
OUTPUT2 
OUTPUT1 
OUTPUT1 
VR 
VAGC 
VG (GND) 
Vee 
INPUT1 
INPUT1 
GA 

GB 

VBB 
INPUT2 
Vcc 


TOP VIEW 


ee ee ee 
OPO BN ee ORO GIO Be GON 


4) MB4305C 
Write Amplifier 


The MB4305C is a Write Amplifier with two write enables (WEN1 and 
WEN2), AC and DC echo detection output and Current-off circuit at the 
power failure. 


VB 

VALM 

WEN] 

WEN2 

Vcc2 

DC-ECHO OUTPUT 


TOP VIEW 


OUTPUT 
CURRENT INPUT 
HD1 

AC- ECHO OUTPUT 
HDO 

Vcc1 


Se ee ee ee ee 

Se ND teh oar ie ees 
i?) 
m 
x 
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5) MB4311C 
Charge Pump 


TOP VIEW 


6) MB4316C 
R/W Bus Switch 


TOP VIEW 


POY OT PANnN = 


8 SD RON 
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Section 9 
Parts List 


9. PARTS LIST 


9.1 ASSEMBLY DRAWINGS (ILLUSTRATION) 


The assembly drawing is the illustration that each part of every block was analyzed 
relationally on the assembly. Each analyzed part is given the number, which corre- 
sponds to the number in the INDEX No. column of the list. And mechanical assembly 
showing which part of the unit is analyzed, is given on the page. 


NOTE) The parts that can’t be disassembled on a usual maintenance work are not 
illustrated in their assembled state, and given a number of the parts. And the 
quantity of parts, and specification are entered in the list corresponding to 
the number of parts. 

When all parts are entered in the list, the INDEX No. column will be blank. 


9.2 LIST 


The quantity of parts, the name of parts and specification are entered corresponding to 
the number of the illustration. 


9.2.1 Index No. 


A number is assigned on each part in the illustration. The number corresponds 
with the INDEX No. But in case INDEX No. is given at every part of assembly, 
the column of INDEX No. will be blank. 


9.2.2 Composition & Quantity 


Quantity of composition represents the major and minor relation to the setting 
No. of assembly parts. (The left side indicates large assembly, and the parts in 
the assembly shift to the right in turn). 


9.2.3 Specification 
Specifications of parts (drawing No.) are represented. 
9.2.4 Description 
Name of the part, maker of parts and applicable machine etc. are entered. 


9.3 EXAMPLE 


COMPOSITION & QUANTITY: 

“BO10-3110-T001A” consists of ‘‘BO010-3110-V044A”, “F6-SWINA-4 x 10S” ““BO10- 
3110-V035A” and “F6-SAHT-4 x6” of these; ‘‘B010-3110-V044A" consists of 1-4 of 
the INDEX No. column, and ‘’BO10-3110-V035A” consists of 6-13. 


The quantity of each part that is mounted is given by the number is this column. 
Parts whose INDEX No. has *mark are maintenance parts. 
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Figure 9-1 PART LIST EXAMPLE 


£-6 


Oh wNnN = 


BO10-3110-TO01A 
BO10-3110-V044A 
B010-3110-X098A 
B010-3110-Y002A 
F6-SNA-3x5S65 
F6-WB-3S 
F6-SW1NA-4x10S 
BO10-3110-VO035A 
B010-3110-W026A 
B010-3110-X068A 
BO10-3110-X077A 
F6-SNA-3x6S65 
F6-WM-3S 
BO10-3110-X018A 
623ZZS 
F6-SNA-3x6S65 
F6-WB-3S 
F6-SAHT-4x6 


Table 9-1 Part List Example 


aaa COMPOSITION 
& QUANTITY SPECIFICATION DESCRIPTION CHARACTER ss 


Card Reader Unit 
Guid 

Plate 

Plate 

Screw 

Washer 

Screw 


Eccentric Roller Assy. 


Roller Assembly 
Roller 

Plate 

Screw 

Washer 

Distance Piece 
Ball Bearing 
Screw 

Washer 

Screw 


REVISION 


Figure 9-2 FIXED DISK UNIT 
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Table 9-2 Fixed Disk Unit (continued) 


COMPOSITION 


BO3B-4585-B112A M2282K Fixed Disk M2282K only 
BO3B-4585-B110A M2280K Fixed Disk 
BO3B-4585-B113A M2283K Fixed Disk 
BO3B-4585-B114A M2284K Fixed Disk 
B03B-4585-B116A M2286K Fixed Disk 
BO3B-4585-B119A M2289K Fixed Disk 
BO3B-4585-B117A M2287K Fixed Disk 
BO3B-4585-B118A M2288K Fixed Disk 
B03B-4585-B502A M2282N Fixed Disk 
BO3B-4585-B500A M2280N Fixed Disk 
BO3B-4585-B503A M2283N Fixed Disk 
B03B-4585-B504A M2284N Fixed Disk 
BO3B-4585-B506A M2286N Fixed Disk 
BO3B-4585-B509A M2289N Fixed Disk 
BO3B-4585-B507A M2287N Fixed Disk 
BO3B-4585-B508A M2288N Fixed Disk 
B030-4540-T002A Disk Enclosure 
B030-4540-T010A Disk Enclosure 
BO030-4540-T003A Disk Enclosure 
BO30-4540-T004A Disk Enclosure 
BO30-4540-T006A Disk Enclosure 
BO30-4540-T009A Disk Enclosure 
BO30-4540-T007A Disk Enclosure 
BO030-4540-T008A Disk Enclosure 
BO3B-4585-E500A Sub Frame Unit 
BO3B-4585-E550A Sub Frame Unit 


REVISION 


M2284K only 
M2286K only 
M2289 only 
M2287K only 
M2288K only 
M2282N only 
M2280N only 
M2283N only 
M2284N only 
M2286N only 
M228SN only 
M2287N only 
M2288N only 
M2282 only 
M2280 only 
M2283 only 
M2284 only 
M2286 only 
M2289 only 
M2287 only 
M2288 only 
M2280 ~ M2289K 
M2282 ~ M2289N 
M2280 ~ M2289 


M2280 only 
M2283K only 
BO3B-4540-E002A GATE UNIT 
BO3B-4540-E350A Panel Unit 
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Figure 9-3 SUB FRAME UNIT 


Table 9-3 Sub-Frame Unit (continued) 


M2280K ~ M2289K 
M2280N ~ M2289N 


DESCRIPTION REVISION 


COMPOSITION 

& QUANTITY SPECIFICATION 
B03B-4585-E500A 
B03B-4585-E550A 


Sub Frame Unit 
Sub Frame Unit 


O'WO0LO - O8Sr - dE0d 


OoOmOn ounawnh =~ 


£6 
3 


1 
1 
3 
1 
1 
1 
1 
4 
2 
1 

1 
1 
1 
1 
1 
2 
1 
2 
1 
1 


= 
Oo 


eRe NNN | = 


BO030-4585-V100A 
BO30-4420-2140A 
BO30-4420-W103A 
F6-SW2NA-4x12S 
BO30-4420-X153A 
F6-ER Ssus 
BO30-4585 -X105A 
BO30-4585-X101A 
F6-SW2NA-4x12S 
F6-SSA-4x12S 
BO30-4585-X102A 
BO030-4420-X143A 
BO30-4420-2144A 
BO30-4420-Y154A 
F6-WM-4S 
BO30-4585-X103A 
F6-SW2NA-4x8S 
BO30-4420-X147A 
F6-SW2NA-4x8S 
B030-4420-X 156A 
B030-4420-X146A 
F6-SW2NA-4x10S 
BO30-4420-X 109A 
BO30-4585-Y 104A 
B030-1190-Y117A 
F6-BA-4x20 
FE-WK-4S 
F6-WB-4S 
BO30-4420-X 150A 
F6-SW2NA-4x6S 
C63L-0670-0011 #5 
BO30-1000-0006A 


Sub Frame Assy. 
Sub Frame 

Pivot 

Screw with Washer 
Shaft 

Retaining Ring 
Plate 

Plate 

Screw with Washer 
Screw 

Plate 

Spring 

Slide Plate 

Bolt 

Washer 

Pulley Cover 
Screw with Washer 
Spindle Cover 
Screw with Washer 
Piate 

Plate 

Screw with Washer 
Packing 

Pulley 

Tapered Plate 
Hexagon Bolt 
Washer 

Washer 

Gate Cover 

Screw with Washer 
Housing 

Belt 
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INDEX 
NO. 


*68 


Nom =o = NHN ew & AP Ph | Pw | NY se Be Bw we wt ws ew = ND 


no 


NO =2= 4 A 


B42L-0110-0001A 
B42L-0110-0002A 
F6-SW2NA-4x10S 
C42L-1520-0001#2E 
F6-SW2NA-4x10S 
CT-CE62W1 E682A¥#P 
F6-SW2NA-4x10S 
RO10V-1G-10R00-J02 
B58L-0170-0001A 
C58L-0080-0001 
CS8L-0090-0001 
B030-4420-Z106A 
F6-SW2NA-4x10S 
C65L-2100-0003 
C65L-2100-0008 
F6-SW3NA-3x16S 
B90L-1190-0001A 
F6-SNA-4x45S 
F6-WB-4S 

F6-WM-4S 
B57L-0040-0003A 
F6-SW2NA-3x6S 
B030-4420-X157A 
F6-SW2NA-3x6S 
C30L-2010-0001 


N42L-1911-0002 
#FQ-13 


C50L-2090-0006 
B90L-0980-0001A 
B90L-0980-0003A 
CT-AD-04 
CT-AD-11 


8370-0950-0232A 
BO030-4585-X 106A 


F6-SSA-4x6S 


Table 9-3 Sub-Frame Unit (continued) 


COMPOSITION 


Capacitor 
Capacitor 

Screw with Washer 
Capacitor 

Screw with Washer 
Capacitor 

Screw with Washer 
Resistor 

Relay 

Socket 

Holder 

Plate 

Screw with Washer 
Terminal 

Terminal 

Screw with Washer 
Blower 

Screw with Washer 
Washer 

Washer 

Fan Alarm Assy. 
Screw with Washer 
Plate 

Screw with Washer 
Clamp 

Spark Suppressor 


Diode 
Motor 
Motor 
Clamp 
Clamp 


Label 
Plate 


Screw 


M228XK 
C3 M228XN 


C2 


C1 


R1 
RL 


TRM3 
TRM2 


FAN 


FALM 


M M228XK 
M : M228XN 


REVISION 
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Figure 9-4 GATE UNIT 
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ee 
& ee SPECIFICATION 


BO3B -4540-E002A 
8030-4420-V350A 
BO030-4420-W351A 
B030-4420-X306A 
B030-4420-W352A 
F6-SBD-3x10S 
B030-4420-Y314A 
BO30-4420-Y 315A 
F6-SW2NA-3x12S 
F6-SW2NA-3x6S 
F6-CBHB8 
F6-SW2NA-3x8S 
B030-4420-X319A 
F6-SW2NA-4x16S 
B370-0950-0226 
BO30B-4540-FO06A 
B16B-6300-0010A 
B16B8-6150-0010A 
B16B-6160-0020A 
B16B-6240-0010A 


Table 9-4 Gate Unit 


DESCRIPTION CHARACTER | remark | 


Gate Unit 
Gate Assy. 
Gate Box 
Gasket 
Cover 
Screw 


Insulator 


Insulator 
Screw with Washer 
Screw with Washer 
Holder 
Screw with Washer 
Ground Plate 

Screw with Washer 
Label 
Gate Circuit F 

Variable Oscillator F 
Controller | 
Controller K 

Speed Controller | 


REVISION 
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Functional Block Diagram 
CMKM I/O Signals 
A-Cable Receivers 


A/B-Cable Drivers 
Unit Selection 
Start/Stop Control 


Sector Address Reg. 
Status Generator (1) 


Control Check 
Detector 


Read/Write Check 
Detector 


| | Status Generator (2) 


| | Read/Write Control 


ano omnes | 
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1 GENERAL DESCRIPTION 


1.1 


General 


This manual describes the installation, operation, and maintenance of the 
Disk Drive Power Supply. The power supply is designed to provide the power 
required by either the Model M2201K Disk Drive or the Model M228X Disk 
Drive. Circuit configuration and component values were selected to accomo- 
date the dynamic load presented by these drives. Adequate dérating of 
components and quality workmanship have been used throughout the design anc 
manufacture of this power supply to gain maximum reliability and operating 
life. Reliability and long life are also assured through the use of an 


internal cooling fan. 


Combined static and dynamic output voltage variation on all regulate: 
outputs does not exceed +5 4 under worst case conditions of temperature. 


input voltage, frequency, and load. 


Line voltage and frequency variations of 


be tolerated without degradation of power supply performance. 


All voltages are available on the front of the power supp 


<u S a oS 


receptacles. 
The +5V DC circuit nas an over-voltage protection feature which operates ae 
the output voltage exceeds 25 % of nominal. The AC input jine is priortéctec 


by a circuit breaker. 

A power sequencer circuit provides full power shut off anc a.arn Sicazl. 22 
any power malfunction is detected. The power sequencer abso. PRET aSs 255 
remote power on/off sequencing of the AC-A output of the power SuDslé. 
This feature is selectable through a remote/local switch locatec om the 


front panel. 


1.2 Specifications 


Table 1-1 shows the specifications for the Power Supply. The specifica- 

tions are for operation at rated load unless otherwise indicated. 

This unit supplies +5V, +12V, and is switch selectable for -32V/+24V depending 
on the disk drive connected. 


- The M228X requires +24V and M2201K requires -32V. 


TABLE l-1 Power Supply Specifications 


PARAMETER SPECIFICATIONS 


Input Voltage 100V AC +10% or 120V AC 


50/60 Hz ei 


oe 
0 


3e 


Rated Output Current +5V DC +4 % 5A - 7A 

-l2V DC +4 % 0.94 = 2.54 

| +12 Dc 44%  0.5A = 1A 

+24V DC +25 % 0.3A - 4A (Note 1), oF 


* -32V DC +25 % 0.3A - 6A (Note 2: 


Output: 


Nominal Output / +5V DC/fAdi +10 % 
+12V DC/Ad3 #10 % 


-127 DC/Adi +10 % 


Adjustment Range 


-32V DC Unregulated, or 


+24V DC Unregulated 


Peak Current 
| 
{ 


+5V DC 7.0A 
-12V DC 235A ! 
+12V DC 1.04 
-32V DC o.0A, or +24V DC -.7A 
1I5V AC - A 8.08 : 


115V AC - B O.5A 


* : Switch Selectable 


ie a 


SPECIFICATIONS 


PARAMETER 


Protection: 


15A Circuit Breaker 


AC Input Lines 


AC Output Over Current Detection 


DC Output +5V, +12V Low Voltage Detection/Over 


Current Detection 


+5V Over Voltage Detection 
+246V/-32V, 


15A Fuse orotected. 


Thermal Alarm 
Environment: 

| Operating Ambient 0 °C to +40 °C 

(432 °F to +104 °F) 

-40 °C to +60 °C 

(-40 °F to +140 °F) 


20 % to 80 % (mo condensation) 


Storage 


Relative Humidity 


Physical: : 


Height 4.92 Inches (125 mm) 
| Width 8.27 Inches (210 mm) 
| Depth 14.96 Inches (380 om) 
Weight 26.5 Pounds (12.0 Kg) 


Note 1; Note 2; 


+24V Load Current Waveform -32V Load Current Waveform 


6A 


o 


2 OPERATION 


2.1 


2 


3 


General 


The switches and alarm lamp of power supply unit are described in this 


section. 
Main Line Switch (NFB1) 


This switch controls application of site AC power to the power supply unit. 
Turning on the switch applies power to fans, disk drive motor and DC power 


supply. 
Remote/Local Switch 


This switch controls whether drive can be powered up from the power surciv 
unit (Local Mode), or the control unit through the drive (Remote Mode), 

In the remote mode, AC power to the drive bv turning on NFB1 and then diss 
drive motor power and +24V DC are supplied when Pick/Hold signals from the 
control unit are grounded. 

In the local mode, the power is applied to the disk drive when the Main 


Line Switch (NFB1) is turned on. 
Alarm Lamp 


Alarm lamp indicates the following power malfunction has occured on the 
Some siply unit. 

(a) +5V DC; Over-current, High-voltage, Low-voltage and Fuse-blown. 
(b) +12V DC; Over-current and Low-voltage 

(c) +24V, -32V; Over-current and Fuse-blown 

(d) AC input; Circuic breaker 

(e) Fan; Thermal-switch 


(f) AC output; Circuit breaker 


3. INSTALLATION 


3.1 Unpacking 


Use normal care when opening the reusable shipping container for the Power 
Supply. After unpacking the unit, visually inspect it as follows: 
- (a) Check for scratches, rust and soiling. 


(b) Check for loose or missing parts and screws. - 


Power Supzriv 


FIGURE 3.1 Exterior View and Construction of Cartor. 


hs. rane 


3.2 Mounting 


3. 


3 


LL 


The Power Supply may be used as a bench supply or mounted in a 19-inch 


rack. 


The Power Supply should be placed where adequate ventilation is available 
to allow the internal fan to cool the Power Supply. No additional cooling 


- 


is required when the Power Supply is rack mounted. 
Input AC 


The Power Supply requires 120 volts at 50/60 Hz. An AC line option is 


provided with the Power Supply at the time of shipment. 
Output Voltages 


All output voltages are provided at the front of the Power Supply. The 
grounds and voltage connections are clearly marked (see Figure 3.2). 
AC input has a circuit breaker and +24V/-32V and +5V have indivi- 


dual fuses. This breaker and these fuses are mounted on the front 92 


the Power Supply are clearly marked. 
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Figure 3.2 Fower Supply Front View witnout Cable 


a gris 


4 THEORY OF OPERATION 


4.1 General 


This chapter contains circuit descriptions of the features within the Power 
Supply. These features are shown in block diagram in Figure 4.1. 
Components referenced in these circuit descriptions can be located on the 


schematics diagrams. 


NE 
TRM1 sana K2 Pw! 
| a7 | ac 5% ois AC-At 
ae’ 
FIL 
yA 2D AC 4 \, o2 AC-A2 
| ee | 
re 23 2 AC- Bt 
SG KS 
hae | apg ees AC-22 
mp \\ [re “32 
ALM Pr Noa | Lacendand +26/-32V FUSE ea 12 AW 
al ro a at 
T o7 : 
> ALM 


4 wy Rist 
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POWER CONTROL 
SEG) 
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FIGURE 4.1 Power Biock Diagram 


Schematic Symbol Tl 


Primary Secondary 


Note; Number in ( ) show the markings which are maerxec 


around wires. 


FIGURE 4.2 Input/Outpuc Voltages of Transformer 


4.2 


4.3 


4.5 


AC Input 


AC line voltage is applied to TRM 1 terminals 1 and 2, and is filtered by 
the line filter (FILL). The filtered AC is applied to the contacts of the 
circuit breaker (NFB1). 


When NFB1 is closed, AC voltage is applied to PWl terminals 1 anid 3 for 
AC-A output. It is also applied to the primary windings of Tl (+5, +12, 
+24/-32V). The secondaries of this transformer connect to full bridge 
rectifiers. The output of these rectifiers is filtered to supply unregu- 


lated DC to the remaining circuitry. 
Voltage Regulation 


The DC voltage regulators are composed of high quality semiconductor 
regulators which are commonly used in these applications and are readil~ 


available. The block diagram and waveform is shown in FIGURE 4. 3. 
Over-voltage Protection 


Over-voltage protection circuits are used to insure that the output 
voltage level will not damage the disk drive if the power supply circuits 
should malfunction. In the +5V supply, a zener diode (D3) will conduct if 
the output exceeds 6.2V nominal. An SCR (TH1) will be gated on, taking 


the +5V output to OV and will set the alarm lamp. 
Alam 
The main line is also provided with an alarm circuit. The purpose of this 


circuit is to protect the disk drive from improper voltage and current 


should a failure occur in the Power Supply. Should any of the DC volt 


a8) 
isis) 

1b 

ip 


become abnormal, a latch is set in the form of a relay which disables the 
Power Supply and lights the alarm lamp on the front of the sypply. 


The alarm can only be cleared with a power-up sequence, 
Refer to FIGURE 4.4. 
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Power Sequence 


The function of the power sequencer is to avoid overcurrent caused by a 
current surge during the start-up cycle when operating in a multiple drive 


configuration. 


A PICK command is provided to the drive from the controller.” After 

receiving this command, the drive sends it to the Power Supply and to the 
next drive, if the drive itself is not in a start-up cycle. If it is in 
a start-up cycle, the drive sends the command to the next drive when it's 


/ 


spindle rotating speed exceeds 80% of its nominal speed (see FIGURE 4.5), 


Disk Drive Power Supply 
PICK IN PICK OUT 


FIGURE 4,5 Sequencer Signals 


This sequencing is effective when the Power Supply is in the remcte moce, 
and it is ignored when the Power Supply is in the local mode. 


The power on/off timing chart is shown in FIGURE 4.@ 
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FICURE 4.6 Power On/Off Timing Chart 
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4.7 Power Sequencing Signals 


PICK IN/OUT 

This represents the power-on command and is sent from a controller along 
= with a HOLD signal. In the disk drive, it is transacted with RDY 1, RDY 2, 
: and RDY 3 and is sent to the next drive (see FIGURE 4.7). 


HOLD 
This is used to hold the start-up command. To shut off the power, release 


this signal. 


RDY 1, RDY 2, RDY 3 
These are the control signals for the spindle motor and are true wher ther 


are low (OV). They represent the following conditions: 
RDY 1: Start moce 
RDY 2: Mechnical ready 


RDY 3: Spindle rotation exceecs 70 % of its nominee. sreec 


They are used to decide whether the drive should send the PICK CUT signa! 


to the next drive. 
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6 MAINTENANCE 


6.1 


62 
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General 


This power supply unit needs no preventive maintenance. The parts required 
for maintenance are only fan, relays, fuses and one printed circuit 
assembly. This section describes the replacement operation of fan, relav, 


fuse and printed circuit assembly and the selection of voltage. 
General Precautions 


Power ON/OFF 


(1) Check carefully the operating condition of the unit and the drive 


before turning the power on and off. 
6 P 


(2) Always turn the power off before removing and inserting 4 printec- 
circuit board and connectors. 


Parts replacement 


(1) Use screwdrivers and other tools matched to the size of the screws 


> and nuts. 


(2) Do not leave removed screws or nuts etc. in the unit. 
(3) Tighten all the screws securely. 
Others 


(1) Use test equipment that has been correctly calibrated. 
(2) Always record the data and its processing for later reference wrer 


trouble occurs. 


ser SS 


6.3 Spare Parts Replacement 


6.3.1 Fuse replacement 


Refer to the FIGURE 6.1 


A white dot will be displayed on the 


’ fuse when it is blown. 


| ) 


FIGURE 6.1 Fuse Replacement 


gO a 


6.3.2 Relay replacement 


(1) Unfasten screws 20, 27 and 28 to remove the power unit cover 
(FIGURE 6.7), 

(2) Remove the relay by snapping off the retaining latch and pulling 
Straight out on the relay, then replace the relay. 
Refer to FIGURE 6.2. 


- 


6.3.3 Fan replacement 
(1) Unfasten screws 20, 23, 27 and 28 to remove the power unit cover 
and the fan side cover. 
(2) Remove the input and FG wires (14, 15 and 16) from the fan. 


zi 


(3) Unfasten screws 7-11, 17 and 18 to remove the fan (FIGURE 6.3). 


6.355 WB replacement 
(1) Unfasten screws 20, 27 and 28 to remove the power unit cover 
(FIGURE 6.7). 
(2) Uniasten screws 21, 22, 25 and 26 securing the PWE, and reslace 


PWR (FIGURE 6.4). 


Unic test 


oO 
u 
wi) 


when the parts are replaced, the following checks are required. 
Note: Berore those checks, make sure that; 
The connectors are properly inserted in the PC board (PW3) anc 


there is no foreign matter in the power unit. 


(1) Power ON/OFF, Output voltage check 


a. Open the output connectors (PW1l, PW2 and CN18) te set u 


"y 
1 
} 

{ 


no-load condition. 
Db. Set the REMOTE/LOCAL switch to LOCAL. 
c. Switch power on. 


d. Confirm the following output voltages: 
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Allowable variation Connector pins 
(+) (-) 


PW1 (10) - (12) 


Set value +25 % 


The lower limit i PWl ¢1) - (3) 
input level 


minus 2 %. PW1l (4) = (6) 


apr DA 


FIGURE 6.2 Relay Replacement 


FIGURE 6.4 PWB Replacement 


FIGURE 6.7 Final Assembiv 
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6.4 +24V/-32V Voltage Select 


Select the +24V or -32V in accordance with the FIGURE 6.5. 


*  M228X ... +24V 
M2201 ... -32V 


Nameplate e 


- 


Voltage Select] Side A Side B Side A 


x : 
The nameplate serves also to lock 
the switch. 


FIGURE 6.5 DC Voltage Select 


t : +24V/-32V VOLTAGE SELECT 


a 


a ae 


6.5 Input Voltage Select 


(1) Unfasten screws 20, 27 and 28 to remove the power unit cover 


(FIGURE 6.7). : 
(2) Adjust the tap according to the input conditions (FIGURE 6.6). 


(20v AC taper) 


Fixed cables 


FIGURE 6.6 Input Voltage Select 
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7 SPARE PARTS LIST 


DISCRIPTION | MNEMONIC SPECIFICATION MANUFACTURER Q'ty 


RL2 - | LY2=DC12-UL, CSA OMRON 


Fuse Fl 5, F2 | PL4150 | DAITO 15 A 


iy 


roar 


ho 


PCA PWS | KS14-9948-H467 FUJITSU DENSC 


bee 


Table 7-1 Spare Parts List 
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8 PARTS LIST 


SPECIFICATION 


PL4150 

PL4150 
LY4-DC12V (UL, 
PYC-P 

PYC-P 
LY2=DC12V (UL, 
Fo-SPK-3X8S 
F6-WM=3S 
F6-WM-35 
F6-WB-35 
F6-NI-35S 
L09SO24UL 
3MPX0.25 

20AWG (UL1007) 


F6-SSA-3X25S 
" 
KS14-994 8-H467 
F6~SW4NA-3X65 
F6—-SwW 3NA-3 X65 
F6-SW4NA-3X85S 
F6-SSA-3X85 
" 
F6-SW4NA-3 X85 
F6~SW 3NA-3X65 
F6—SW4NA-3 X6S 
F6-SSA-3X8S 


DESCRIPTION 


CSA) 


CSA) RELAY 
SPACERS 


WASHERS 


FAN 
TUBE 


WIRE (BLACK) 
" (WHITE) 


( 
SCREWS 


| 
| 
| 


vt ) 


NICKNAME 


FAN] 


Pws 


REMARK 
FIG. 8.1 
ih} 
FIG. 8.2 
tt 
tt 
FIG. 8.3 
FIG &.4 
Flu €.5 


FIGURE 8.2 Power Supply (Page 1 of 3) 
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FIGURE 8.3 


3) 


FIGURE 8.4 Power Supply (Page 2 of 
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FIGURE 8.5 Power Supply (Page 3 of 3) 
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9 SHEMATICS 


~ Refer to the following pages. 
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NOTE: Characters in ( ] show the markings 
which are stamped on the chassis. 
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POWER SUPPLY CIRCUIT DCAGRAM 


